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Purpose

To compare the efficacy, safety, and cost of local anaesthesia and general anaesthesia modalities for percutaneous microwave ablation as a curative treatment for hepatocellular carcinoma patients.





Methods

This comparative, retrospective study analysed 175 patients who were treated for hepatocellular carcinoma (HCC) from July 2015 to September 2020. Conventional transcatheter arterial chemoembolization (cTACE) combined with sequential percutaneous microwave ablation (MWA) was performed on every lesion in every patient. Patients were divided into two cohorts according to the anaesthesia modality applied during MWA. To investigate the differences in efficacy between the two groups, overall survival (OS) and local recurrence-free survival (LRFS) were estimated by the Kaplan−Meier method and compared by the log-rank test. Cost and safety between the two groups were also compared accordingly.





Results

There were 105 patients with 128 HCC lesions in the local anaesthesia (LA) group and 70 patients with 107 lesions in the general anaesthesia (GA) group. There were no significant differences in OS (P = 0.798) or LRFS (P = 0.406) between the two groups. Fifty-two pairs of patients were matched with 77 lesions in the GA group and 67 lesions in the LA group after PSM. There was no significant difference in OS (P = 0.522) or LRFS (P = 0.410) between the two groups. Compared to the LA group, the GA group had longer operations, consumed more medical resources, had a heavier financial burden, and experienced more anaesthesia adverse events. There was no significant difference in the incidence of post-ablation pain (p=0.487), fever (P=0.678), nausea or vomiting (P=0.808), mild liver dysfunction (P=0.753), haemolytic uraemic syndrome (P=0.595), pleural effusion (P=0.622), liver abscess (0.544), asymptomatic perihepatic fluid (0.703) or subcapsular liver hemorrhage (P=0.666) between the two groups.





Conclusion

Due to the higher cost and adverse events of general anaesthesia, local anaesthesia may be more suitable for ablation procedures for HCC patients within the Milan criteria.
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Background

Liver cancer remains a global health challenge worldwide while hepatocellular carcinoma (HCC) accounts for approximately 90% of all liver cancer cases (1–3). Percutaneous ablation is recommended as a curative therapy for patients with early-stage HCC who are not candidates for surgical resection and liver transplantation (4). Moreover, the scope of ablation of HCC can be extended by combining adjunctive methods such as transcatheter arterial chemoembolization (TACE), and the treatment efficacy has been verified in several studies (5–7). Therefore, percutaneous ablation is widely applied as curative therapy for early HCC.

Pain management during and after the ablation procedure remains a major challenge in clinical practice. Intraoperative and postoperative pain, anxiety, and intraoperative respiratory movement may affect the treatment efficacy and safety of ablation. Currently, local anaesthesia (LA) combined with intravenous sedation or general anaesthesia (GA) is applied most frequently during the ablation procedure, but the most appropriate anaesthesia method is still a highly debated topic worldwide (8). A few studies have compared different anaesthesia modalities for ablation of liver cancer. However, no clinical study has compared different anaesthesia methods in MWA procedure for HCC patients who received cTACE firstly as sequential therapy.

Therefore, the purpose of the present study was to investigate the treatment efficacy, safety, and cost of general anaesthesia and local anaesthesia combined with sedation during the ablation procedure for HCC patients who received combination therapy (TACE plus ablation) for curative treatment purposes.





Materials and methods




Study design and population

This retrospective study was approved by the institutional review board of our hospitals and was performed according to the Declaration of Helsinki. Due to the retrospective nature of the present study, the requirement for written informed consent was waived by the institutional review boards.

From July 2015 to September 2020, a total of 290 consecutive patients with unresectable HCC who received cTACE plus MWA were included. The choice of cTACE plus MWA was made on a case-by-case basis by the multidisciplinary treatment board (consisting of interventional radiologists, medical oncologists and liver surgeons) and after in-depth discussion with the patient himself/herself. Patients who meet the following criteria were included in this study: (a) diagnosed with HCC by Li-RADS 5 category or biopsy; (b) no macrovascular invasion or distant metastasis; (c) preserved liver function (Child−Pugh A or B); and (d) an Eastern Cooperative Oncology Group performance status of 0. The exclusion criteria included (a) lost to follow-up (n = 39); (b) beyond the Milan criteria (single lesion within 5 cm or no more than three nodules with the largest lesion within 3 cm) (n = 26); (c) infiltrative HCC (n = 18); and (d) received other treatment for HCC lesions before cTACE plus MWA (n = 32). Finally, 175 patients with 235 HCC lesions were included in the present study. The flowchart of the study population is shown in Figure 1.




Figure 1 | Flowchart of the study population.







cTACE procedure

cTACE was performed by four board-certified senior interventional radiologists. The femoral artery was routinely catheterized and digital subtraction angiography (DSA) of the superior mesenteric- and celiac arteries was performed using a 5-Fr RH catheter (Terumo Co. Ltd, Tokyo, Japan). After hepatic arteriography, a coaxial microcatheter was placed as superselectively as possible in the tumour feeders to slowly inject the emulsion of iodized oil (Lipiodol, Guerbet Group, France) and epirubicin/doxorubicin. The Lipiodol-epirubicin/doxorubicin emulsion was created by a mixing up to 15 mL of Lipiodol and distilled water, dissolving 50 mg to 120 mg of epirubicin or 100 mg of doxorubicin at a ratio of 3:1 or 2:1, respectively. The gelfoam slurry was injected through the microcatheter to embolize the proximal tumour feeders. All procedures were technically successful according to the Society of Interventional Radiology (SIR) guidelines (9).





Anaesthesia modality

The preanaesthesia evaluation was performed according to the American Society of Anaesthesiologists (ASA) physical status classification system for patients in the GA group (10). All patients were ASA physical status I or II. Sedation, laryngeal mask insertion, monitoring of haemodynamics, and electrocardiogram were performed during general anaesthesia. The GA group was given propofol (1mg/Kg), midazolam (0.02-0.03mg/kg), and fentanyl (1 to 2μg/kg) via the veins to induce anaesthesia, fitted with a laryngeal mask and placed under mechanical ventilation. Propofol (5 to 8 mg/kg/h) was used intravenously to maintain the depth of general anaesthesia. All the drug doses used during the ablation procedure in the GA group were commissioned by a certified anaesthesiologist. The patients in the GA group recovered from general anaesthesia in the postanaesthesia care unit after the MWA procedure was finished.

In the LA plus intravenous sedation group (Hereinafter abbreviated as the LA group), approximately 10 mL of 2% lidocaine was injected subcutaneously at the puncture point. A unit of midazolam and fentanyl, as the starting dose of sedatives, was intravenously injected to control intraoperative pain and anxiety. During MWA, the sedative dose would increase according to the operation time and the patients’ pain level. Haemodynamic and electrocardiogram monitoring was performed, and the patient breathed spontaneously while awake during the operation.





Percutaneous microwave ablation procedure

All tumours were percutaneously ablated within 3 days of embolization of the tumour vessels with iodized oil and gelatine sponges, and cTACE plus the following MWA were performed during a single hospitalization. Percutaneous microwave ablation was performed under microwave ablation (MWA) systems (KY-2000, Kangyou Medical Instrument Co. Ltd., China) by two board-certified senior interventional radiologists (one with more than 15 years of experience in percutaneous ablation and another with 9 years). Before the insertion of the ablation needle, unenhanced computed tomography (CT) was carried out and previous imaging data were reviewed, and then the antenna was percutaneously inserted into the lesion under CT guidance. The overlapping ablation technique was performed for tumour lesions larger than 3.0 cm. The MWA was set from 60 W to 140 W, and the ablation time was 3 min to 15 min. If necessary, artificial ascites were created through a fine hollow needle, especially for lesions in subcapsular locations. The respiratory motion of the patients in the GA group was regulated with the help of an anesthesiologist during the ablation procedures. The MWA procedure time was defined as the time from the patient’s arrival to their exit from the operating room.

Contrast-enhanced multiphase CT (including arterial, portal, and delayed phases) was performed immediately after ablation for patients with indistinct ablation margins, and immediate complications and technical success were assessed. The technical success of MWA was defined as complete ablation of the tumour with a safety margin of at least 0.5 cm on CT images. For residual viable tumours, repeated ablation procedure was performed until technical success was achieved. Figure 2 presents a typical case of a HCC patient who received MWA after cTACE.




Figure 2 | A 63-year-old female with hepatitis B was diagnosed with Li-Rads 5 hepatocellular carcinoma (HCC) nodular in segment VIII. The pre-ablation magnetic resonance imaging (MRI) showed the lesion located in the right lobe with non-rim enhancement in the arterial phase (maximum diameter of 12 mm) and non-peripheral washout with an enhancing capsule in the delayed phase (A-C). The lineament of the HCC lesion with iodized oil retention was well depicted in the CT scan (D). CT-guided microwave ablation (MWA) was performed under local anaesthesia plus sedation (E, F). Follow-up MRI was performed four weeks after ablation and showed a complete response (G-I).







Data collection

The demographic, laboratory, and radiological data before cTACE plus MWA were collected for each patient, including age (≤ 59 years/>59 years), gender (male/female), Child−Pugh class (A/B), etiology of hepatitis (none/hepatitis B/hepatitis C/alcohol/others), serum alpha-fetoprotein (AFP) level (≤ 400 ng/mL/>400 ng/mL), cirrhosis (presence/absence), number of tumours (single/multiple), tumour size (≤ 3 cm/>3 cm), perivascular (yes/no) and subcapsular (yes/no). Patients were stratified based on the median age (59 years) in the present cohort. Perivascular HCC lesions were defined as lesions adjacent to larger vessels (> 3 mm) while subcapsular lesions were located within 1 mm of the liver capsule (11, 12). MWA procedure-related data, including duration of the MWA procedure, number of healthcare providers participating, and adverse events (AEs) or complications, were also recorded. The duration of the MWA procedure was defined as the time between the patient entering and leaving the operation room. The intra- (only in the LA group) and post-ablation pain (within 24 h after the MWA procedure) was recorded, and classified as mild pain (5–44 mm), moderate pain (45–74 mm), or severe pain (75–100 mm) according to the VAS criteria (13). We also recorded the duration of the hospital stay and the hospitalization costs for every patient.





Definitions and follow up

Local tumour recurrence (LTR) was defined as the appearance of viable tumour foci at the edge of the ablation zones after complete response (CR) in at least one contrast-enhanced follow-up image. Local recurrence free survival (LRFS) was defined as the time from ablation to LTR of the target lesion or the last imaging follow-up (classified as censored data). Overall survival (OS) was the time between the first ablation and death from any cause or the last follow-up (classified as censored data) (Oct 03, 2021). Ablation-related complications were jointly evaluated according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE Version 5.0) (14) and the Society of Interventional Radiology (SIR) classification system (15).

Patients were followed up at 1, 3, 6, 9, and 12 months after the cTACE plus MWA procedure in the first year and then every 6 months thereafter. At each follow-up visit, contrast-enhanced magnetic resonance (MR) imaging of the liver was performed to evaluate LTR. The choice of treatment modality for recurrent HCC was dependent on the site of the tumour, liver function, and the general condition of the patient. The primary endpoint of our study was LRFS for lesions, and the secondary endpoint was OS for patients. The ablation evaluation standards were based on the modified response evaluation criteria in solid tumours (mRECIST) guidelines (16).





Statistical analysis

Categorical variables were compared using the χ2 test or Fisher’s exact test, as appropriate. Continuous variables were compared using the Mann−Whitney U test or t test accordingly. To diminish the potential confounding and selection bias of the two groups, propensity score matching (PSM) methods were applied. PSM is a statistical matching technique that attempts to reduce the bias due to confounding variables that could be found in an estimate of the treatment effect (17). All factors that may affect the outcome of the ablation procedure were included for propensity score matching. The GA and LA groups were matched by using a one-to-one PSM method with a caliper width of 0.2. LRFS for lesions and OS for patients between the two groups were estimated by the Kaplan−Meier method and compared by the log-rank test. Stratification analyses were performed, to compare LRFS, in the perivascular (yes/no) and subcapsular (yes/no) subgroups after PSM. The differences in safety and cost between the GA and LA groups were appropriately analysed before and after PSM. A two-sided P value less than 0.05 indicated statistical significance. Statistical software (SPSS version 24, International Business Machines Corporation, USA) or R software (version 4.0.2, http://www.R-project.org) was used for statistical analysis.






Results




Baseline patient characteristics

A total of 175 treatment-naïve HCC patients with 235 lesions were enrolled in our study, including 142 males and 33 females, with a mean age of 59.2 ± 11.3 years, ranging from 27 to 83 years. There were 105 patients with hepatitis B, 20 patients with hepatitis C, 15 patients with alcoholic hepatitis, 18 patients with other aetiologies of hepatitis (steatohepatitis (n=13) and cryptogenic (n=5)), and 17 patients without basic hepatitis. Patients were diagnosed with HCC based on pathological assessment (n=21) or the 2018 version of the LI-RADS criteria (n=154). There were 148 patients with Child−Pugh A and 27 patients with Child−Pugh B. In the entire study population, there were 70 patients with 107 HCC lesions in the GA group, and the LA group included 105 patients with 128 lesions. After one-to-one PSM, 52 pairs of patients were matched, with 77 lesions in the GA group and 67 lesions in the LA group. The detailed baseline characteristics between the GA and LA groups before and after PSM are illustrated in Table 1.


Table 1 | Baseline characteristics of GA group and LA group before PSM and after PSM.







Comparison of LRFS and OS between GA and LA group before and after PSM

There were 70 patients with 107 HCC lesions in the GA group and 105 patients with 128 lesions in the LA group before PSM. There was no difference in OS between the two groups, with the same 1-year survival rate (92% vs. 94%, P=0.798). No significant difference in LRFS was observed between the GA and LA groups, with P=0.406. After a one-to-one PSM analysis, there were 52 pairs of matched patients with 77 lesions in the GA group and 67 lesions in the LA group. No significant difference was observed in OS (P=0.861) or LRFS (P=0.637) between the two groups after PSM analysis. Figures 3, 4 demonstrate the survival curves of OS and LRFS between the GA and LA groups before and after PSM.




Figure 3 | Kaplan−Meier overall survival (OS) curves (A) of patients and local recurrence-free survival (LRFS) curves (B) of lesions in the GA group and LA group before propensity score matching (PSM).






Figure 4 | Kaplan−Meier overall survival (OS) curves (A) of patients and local recurrence-free survival (LRFS) curves (B) of lesions in the GA group and LA group after propensity score matching (PSM).







Subgroup analysis

After a one-to-one PSM analysis, 77 lesions in the GA group and 67 lesions in the LA group were matched. In the subgroup of perivascular lesions, there were no significant differences in LRFS between the GA and LA groups (P=0.727) (Figure 5A). Meanwhile, there was no significant difference in LRFS among the non-perivascular lesions between the GA and LA groups, with P=0.918 (Figure 5B). In the subgroup of lesions with and without subcapsular location, both lesions with subcapsular location (P=0.879) (Figure 5C) and without subcapsular location (P = 0.679) (Figure 5D) demonstrated no differences in LRFS between the GA and LA groups.




Figure 5 | Kaplan−Meier local recurrence-free survival (LRFS) curves of lesions in perivascular (A), non-perivascular (B), subcapsular (C), and non-subcapsular (D) locations between the GA group and LA group after propensity score matching (PSM).







Cost analysis

Costs associated with the MWA procedure time, medical resource consumption, and financial stress undertaken by each patient were recorded accordingly. The MWA procedure time for the GA group (133.8 ± 26.0 mins) was significantly longer than that for the LA group (100.3 ± 18.4 mins) (P = 0.017). Furthermore, more healthcare providers participated in the MWA procedure for the GA group (5.2 ± 0.9) than for the LA group (3.0 ± 0.7) (P = 0.003). The hospitalization costs of every patient were reviewed in the electronic medical records; the cost was ¥45.0 ± 4.3k for patients in the GA group and ¥38.8 ± 1.3k for those in the LA group (p<0.001). For the hospital stays, there was no significant difference between the GA group (5.2 ± 1.0 days) and the LA group (5.0 ± 1.2 days) (p=0.390). The cost analysis between the GA and LA groups showed a similar outcome after PSM. The detailed category and information are illustrated in Tables 2, 3.


Table 2 | Cost analysis between GA and LA group before PSM.




Table 3 | Cost analysis between GA and LA group after PSM.







Intra- and postablation pain, AEs and complication

During the MWA procedure, 78, 24 and 3 patients suffered from mild, moderate, and severe pain respectively in the LA group. After the MWA procedure, there were 41, 21 and 8 patients with mild, moderate, and severe pain respectively in the GA group and 52, 37 and 16 patients in the LA group (p=0.487). Fever (with/without treatment) was the most common AE and no significant differences in any of the AEs were observed between the GA and LA groups. Anaesthesia AEs, including dizziness, urinary retention and respiratory depression, occurred more often in the GA group, with no serious anaesthesia AEs (≥ grades 3) occurring in either group. The incidences of Haemolytic uraemic syndrome (4% vs. 5%), pleural effusion (6% vs. 6%), liver abscess (3% vs. 4%), asymptomatic perihepatic fluid (7% vs. 7%), and subcapsular hepatic hemorrhage (3% vs. 3%) were comparable between both groups. Similar results were observed between the GA and LA groups after PSM. All ablation-related AEs and complications accepted heteropathy accordingly, and no life-threatening complications during treatment occurred. The detailed category and information are summarized in Tables 4, 5.


Table 4 | Intra- and Post-ablation pain, adverse events and complications analysis between GA and LA group before PSM.




Table 5 | Post-ablation pain, adverse events and complications analysis between GA and LA group after PSM.








Discussion

Few studies have focused on comparing different anaesthesia methods for ablation of solid tumours, especially primary or secondary liver cancer and lung cancer (18–22). The study by Lai et al. (19) suggested that treatment of small HCC with RFA under GA is associated with a reduced risk of cancer recurrence. Another study conducted by Wang et al. (20) demonstrated that applying GA in the thermal ablation of HCC patients could significantly improve the survival time of patients compared to LA. Some authors also argued that patients under LA suffered from pain and stress during the ablation procedure, thus leading to an insufficient ablation zone (21). On the other hand, the study by Li et al. argued that different anaesthesia methods have no significant effect on treatment-related complications and LTP in HCC patients treated by MR-guided MWA (22). Taken together, whether the anaesthesia modality affects the therapeutic efficacy of percutaneous ablation in HCC patients is still under debate. To the best of our knowledge, this is the first study comparing different anaesthesia methods in the MWA procedure for HCC patients who received cTACE first.

CT-guided percutaneous thermal ablation is a minimally invasive therapy to treat focal tumours by inducing irreversible cellular injury through the application of thermal energy, and MWA is one of the mainstream ablation methods. As a curative therapy for early-stage HCC, the primary purpose of ablation is to completely eradicate all viable malignant cells within the target HCC lesions (23). The treatment efficacy of ablation for relatively small HCC lesions is comparable to that of radical surgical resection (1, 2, 24). The therapeutic scope of ablation can be extended by combining adjunctive methods such as TACE. TACE combined with sequential MWA, allows a larger ablation area and leads to better efficacy and thus become a favourable treatment modality in clinical practice.

In our study, no significant differences were observed in the LRFS and OS rates between the two different anaesthesia modalities. This outcome is mainly due to the following reasons. First, most patients who accepted local anaesthesia plus sedation during the ablation procedure in our study could control their respiratory movement during needle insertion. To achieve a good therapeutic response to MWA, the precise insertion and placement of the ablation antenna are crucial. For patients who were unable to control their respiratory movement, multiple punctures were performed until the ablation antenna was inserted into the desired position. Second, cTACE performed before MWA served as an adjunctive method, and the lipiodol deposited in the HCC lesions is a conspicuous marker during the MWA procedure. According to the lipiodol label, the ablation antenna could be inserted through the centre of HCC lesions in most cases regardless of the anaesthesia modality. Moreover, TACE before MWA could diminish the blood flow into the lesions and enhance the power of thermal ablation, thus improving the treatment efficacy of the following MWA (25).

Moreover, our study has some instructive information about HCC patients receiving cTACE combined with MWA as a bridging therapy to liver transplantation. Liver transplantation is by far the most effective therapy for liver cancer, and patient selection has resulted in remarkable 10-year post-liver transplantation survival rates for HCC patients within the Milan criteria. However, many HCC patients who were suitable for transplantation according to the Milan criteria dropped out while waiting for the transplanted liver source, causing disease progression. To receive increased allocation priority, HCC patients who are listed for liver transplantation are often treated while on the waiting list with loco-regional therapy (LRT) such as ablation and/or TACE (26). Moreover, patients who showed a complete response (CR) to LRT in the first follow-up imaging study were more likely to undergo liver transplantation. All the patients enrolled in our study were within Milan criteria, and all the patients achieved technical success and CR on the first follow-up enhanced MR. Our results demonstrated no significant difference in local tumour progression between the GA and LA groups. This result indicated that both local anaesthesia plus intraoperative sedation and general anaesthesia are effective anaesthesia modalities for CT-guided ablation in suitable HCC patients according to the Milan criteria. However, the liver transplantation rate after combined therapy failed to record causing a short follow-up period and considerable censored data. From the current results of our study, we deduced that the anaesthesia modality in the MWA procedure will not affect the success rate or therapeutic efficacy of subsequent liver transplantation. However, further research is warranted to confirm this hypothesis.

In the stratification analysis of LRFS of lesions, no significant differences were observed between different anaesthesia modalities. HCC lesions in perivascular and/or subcapsular locations were deemed as unfavourable locations. Heat sink effects were common for perivascular lesions, and large vessels with higher flow could draw away heat from the ablative area. Theoretically, perivascular lesions might benefit more from general anaesthesia than local anaesthesia during the ablation procedure. The possible reason for this discrepancy may be that all the HCC lesions enrolled in our study were treated by MWA, and the MWA procedure could create high-temperature heating and lack of heat sink effects (27, 28). Moreover, lipiodol deposited in the HCC lesions, as aforementioned, could diminish hepatic artery inflow and reduce the “heat-sink” effect, thus enhancing the efficacy of subsequent ablation (25, 29).

Subcapsular location is challenging for percutaneous ablation due to the difficulty of accurately inserting the ablation needle and obtaining sufficient ablative margin along the hepatic capsule. On the other hand, an underlying thermal injury of adjacent structures for subcapsular lesions is associated with a higher risk of major complications. The lack of a significant difference in LRFS between the GA and LA groups for subcapsular lesions might be attributed to the following reasons. In our study, artificial ascites was used, regardless of the anaesthesia modality, to allow hydrodissection for subcapsular lesions as appropriate (30). Consequently, the incidence of treatment-related complications was reduced while the ablation efficacy improved. On the other hand, deposited lipiodol in HCC lesions enhanced the visibility of subcapsular lesions thus improving the accuracy of ablation antenna insertion (25).

There was no significant difference in the occurrence of treatment-related AEs and complications before and after PSM. This result demonstrated that both general and local anaesthesia was safe and feasible anaesthesia modalities during the MWA procedure. Regarding post ablation anaesthesia AEs, the GA group showed obviously higher incidences of dizziness, urinary retention and respiratory depression than the LA group, but no serious anaesthesia AEs (grades≥3) occurred in either groups. The cost analysis showed that the GA group had a longer MWA procedure time, more participating healthcare providers, and more hospitalization costs. Notably, both the GA and LA groups had comparable hospital stays, which may be attributed to the lack of a significant difference in the occurrence of treatment-related AEs and complications. In this regard, general anaesthesia is more costly than local anaesthesia but shows comparable treatment efficacy and safety.

There are several limitations in the present study. First, although propensity score-matching (PSM) was applied to diminish potential confounding and selection bias, due to the retrospective and single-center nature of our study, there was still some heterogeneity between the two anaesthesia groups. Second, the details of the MWA procedure, such as the power and ablation time, were not recorded specifically. This drawback might hamper the rigor of the results in our study, as the parameters of the MWA procedure were critical for the therapeutic efficacy. Third, TACE performed before MWA may increase the rate of AEs and complications related to the MWA procedure. Finally, the limited follow-up period and population of our study may have impeded the thorough survival assessment of the patients. The long-term therapeutic outcomes of the two anaesthesia groups during the MWA procedure need further investigation.

Overall, our retrospective study demonstrated comparable therapeutic outcomes between general anaesthesia and local anaesthesia plus sedation for the MWA procedure. Moreover, both anaesthesia modalities during the MWA procedure were safe and effective for HCC patients within the Milan criteria. However, the costs of both procedure time, participating healthcare providers, hospitalization costs and anaesthesia AEs of general anaesthesia were higher than those of local anaesthesia. Thus, local anaesthesia plus sedation may be more adaptive to CT-guided MWA for HCC patients within Milan criteria who receive combination therapy for curative purposes.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Ethics statement

The studies involving humans were approved by The Second Xiangya Hospital of Central South University. The studies were conducted in accordance with the local legislation and institutional requirements. The ethics committee/institutional review board waived the requirement of written informed consent for participation from the participants or the participants’ legal guardians/next of kin because Due to the retrospective nature of the present study.





Author contributions

J-YZ, DZ, Z-LT and H-QL analyze and interpret the patients’ data and review the patients’ images. J-YZ and Z-LT collect the data. H-QL, DZ and J-YZ revise the manuscript. J-YZ and H-QL are major contributors to writing the manuscript. H-QL provides the concept and is a major contributor to the manuscript editing. All authors contributed to the article and approved the submitted version.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1186133/full#supplementary-material

Supplementary file 1 | Baseline patients’ characteristics before propensity score matching (PSM).

Supplementary file 2 | Baseline patients’ characteristics after propensity score matching (PSM).

Supplementary file 3 | Local recurrence-free survival (LRFS) for lesions before propensity score matching (PSM).

Supplementary file 4 | Local recurrence-free survival (LRFS) for lesions after propensity score matching (PSM).



Abbreviations


HCC, Hepatocellular carcinoma; MWA, Microwave ablation; TACE, Transarterial chemoembolization; LA, Local anaesthesia; GA, General anaesthesia; DSA, Digital subtraction angiography; SIR, Society of Interventional Radiology; RFA, Radiofrequency ablation; CT, Computed tomography; MR, Magnetic resonance; LTR, Local tumour recurrence; CR, Complete response; LRFS, Local recurrence-free survival; OS, Overall survival; VAS, Visual Analogue Scale/Score; AEs, Adverse events; PSM, Propensity score-matching.





References

1. Kwag, M, Choi, SH, Choi, SJ, Byun, JH, Won, HJ, and Shin, YM. Simplified LI-RADS for hepatocellular carcinoma diagnosis at gadoxetic acid-enhanced MRI. Radiology (2022) 305:614–22. doi: 10.1148/radiol.220659

2. Llovet, JM, Kelley, RK, Villanueva, A, Singal, AG, Pikarsky, E, Roayaie, S, et al. Hepatocellular carcinoma. Nat Rev Dis Primers (2021) 7:6. doi: 10.1038/s41572-020-00240-3

3. Borde, T, Nezami, N, Gaupp, FL, Savic, LJ, Taddei, T, Jaffe, A, et al. Optimization of the BCLC staging system for locoregional therapy for hepatocellular carcinoma by using quantitative tumor burden imaging biomarkers at MRI. Radiology (2022) 304:228–37. doi: 10.1148/radiol.212426

4. Lee, DH, Lee, MW, Kim, PN, Lee, YJ, Park, HS, and Lee, JM. Outcome of no-touch radiofrequency ablation for small hepatocellular carcinoma: A multicenter clinical trial. Radiology (2021) 301:229–36. doi: 10.1148/radiol.2021210309

5. Han, K, Kim, JH, Yang, SG, Park, SH, Choi, HK, Chun, SY, et al. A single-center retrospective analysis of periprocedural variables affecting local tumor progression after radiofrequency ablation of colorectal cancer liver metastases. Radiology (2021) 298:212–8. doi: 10.1148/radiol.2020200109

6. Tong, Y, Cai, R, Li, JX, Chang, DH, Wang, LZ, Cai, WW, et al. Liver resection versus microwave ablation for hepatocellular carcinoma in ideal candidates for ablation per Barcelona Clinic Liver Cancer staging: a propensity score matching and inverse probability of treatment weighting analysis. Aliment Pharm Ther (2022) 56:1602–14. doi: 10.1111/apt.17263

7. Bai, XM, Cui, M, Yang, W, Wang, H, Wang, S, Zhang, ZY, et al. The 10-year Survival Analysis of Radiofrequency Ablation for Solitary Hepatocellular Carcinoma 5 cm or Smaller: Primary versus Recurrent HCC. Radiology (2021) 300:458–69. doi: 10.1148/radiol.2021200153

8. Jin, Q, Chen, X, and Zheng, S. The security rating on local ablation and interventional therapy for hepatocellular carcinoma (HCC) and the comparison among multiple anaesthesia methods. Anal Cell Pathol (Amst) (2019) 2019:2965173. doi: 10.1155/2019/2965173

9. Gaba, RC, Lewandowski, RJ, Hickey, R, Baerlocher, MO, Cohen, EI, Dariushnia, SR, et al. Society of interventional radiology technology assessment committee. Transcatheter therapy for hepatic malignancy: standardization of terminology and reporting criteria. J Vasc Interv Radiol (2016) 27:457–73. doi: 10.1016/j.jvir.2015.12.752

10. Sankar, A, Johnson, SR, Beattie, WS, Tait, G, and Wijeysundera, DN. Reliability of the American Society of Anesthesiologists physical status scale in clinical practice. Br J Anaesth (2014) 113:424–32. doi: 10.1093/bja/aeu100

11. Lee, MW, Kang, D, Lim, HK, Cho, J, Sinn, DH, Kang, TW, et al. Updated 10-year outcomes of percutaneous radiofrequency ablation as first-line therapy for single hepatocellular carcinoma < 3 cm: emphasis on association of local tumour progression and overall survival. Eur Radiol (2020) 30:2391–400. doi: 10.1007/s00330-019-06575-0

12. Kang, TW, Lim, HK, Lee, MW, Kim, YS, Rhim, H, Lee, WJ, et al. Long-term therapeutic outcomes of radiofrequency ablation for subcapsular versus nonsubcapsular hepatocellular carcinoma: A propensity score matched study. Radiology (2016) 280:300–12. doi: 10.1148/radiol.2016151243

13. Hawker, GA, Mian, S, Kendzerska, T, and French, M. Measures of adult pain: Visual Analog Scale for Pain (VAS Pain), Numeric Rating Scale for Pain (NRS Pain), McGill Pain Questionnaire (MPQ), Short-Form McGill Pain Questionnaire (SF-MPQ), Chronic Pain Grade Scale (CPGS), Short Form-36 Bodily Pain Scale (SF-36 BPS), and Measure of Intermittent and Constant Osteoarthritis Pain (ICOAP). Arthritis Care Res (Hoboken) (2011) 63:S240–52. doi: 10.1002/acr.20543

14. Freites-Martinez, A, Santana, N, Arias-Santiago, S, and Viera, A. Using the common terminology criteria for adverse events (CTCAE - Version 5.0) to evaluate the severity of adverse events of anticancer therapies. Actas Dermosifiliogr (Engl Ed) (2021) 112(1):90–2. doi: 10.1016/j.ad.2019.05.009

15. Khalilzadeh, O, Baerlocher, MO, Shyn, PB, Connolly, BL, Devane, AM, Morris, CS, et al. Proposal of a new adverse event classification by the society of interventional radiology standards of practice committee. J Vasc Interv Radiol (2017) 28:1432–7.e3. doi: 10.1016/j.jvir.2017.06.019

16. Llovet, JM, and Lencioni, R. mRECIST for HCC: Performance and novel refinements. J Hepatol (2020) 72:288–306. doi: 10.1016/j.jhep.2019.09.026

17. Rosenbaum, PR, and Rubin, DB. Reducing bias in observational studies using subclassification on the propensity score. J Am Stat Assoc (1984) 79(387):516–24. doi: 10.2307/2288398

18. Cao, P, Meng, W, Xue, G, Wang, N, Li, Z, Kong, Y, et al. Safety and efficacy of microwave ablation to treat pulmonary nodules under conscious analgosedation with sufentanil: A single-center clinical experience. J Cancer Res Ther (2022) 18:405–10. doi: 10.4103/jcrt.jcrt_1286_21

19. Lai, R, Peng, Z, Chen, D, Wang, X, Xing, W, Zeng, W, et al. The effects of anesthetic technique on cancer recurrence in percutaneous radiofrequency ablation of small hepatocellular carcinoma. Anesth Analg (2012) 114:290–6. doi: 10.1213/ANE.0b013e318239c2e3

20. Wang, X, Xie, W, Gan, S, Wang, T, Chen, X, Su, D, et al. Effects of general anaesthesia versus local anaesthesia in primary hepatocellular carcinoma patients presenting for thermal ablation surgery: a multiple center retrospective cohort study with propensity score matching. Ann Transl Med (2020) 8:277. doi: 10.21037/atm.2020.03.88

21. Kettenbach, J, Köstler, W, Rücklinger, E, Gustorff, B, Hüpfl, M, Wolf, F, et al. Percutaneous saline-enhanced radiofrequency ablation of unresectable hepatic tumours: initial experience in 26 patients. Am J Roentgenol (2003) 180:1537–45. doi: 10.2214/ajr.180.6.1801537

22. Li, Z, Wang, C, Li, J, Liu, Z, Jiao, D, and Han, X. MR-guided microwave ablation of hepatocellular carcinoma (HCC): is general anaesthesia more effective than local anaesthesia? BMC Cancer (2021) 21:562. doi: 10.1186/s12885-021-08298-2

23. Soulen, MC, and Garcia-Monaco, R. Closing the gap in curative ablation of liver cancer. Radiology (2021) 301:237–8. doi: 10.1148/radiol.2021211204

24. Reig, M, Forner, A, Rimola, J, Ferrer-Fàbrega, J, Burrel, M, Garcia-Criado, Á, et al. BCLC strategy for prognosis prediction and treatment recommendation: The 2022 update. J Hepatol (2022) 76:681–93. doi: 10.1016/j.jhep.2021.11.018

25. Tan, J, Mathy, RM, Chang, DH, Tang, T, Zhang, ZS, and Xiao, YD. Combined transarterial iodized oil injection and computed tomography-guided thermal ablation for hepatocellular carcinoma: utility of the iodized oil retention pattern. Abdom Radiol (NY) (2022) 47:431–42. doi: 10.1007/s00261-021-03305-3

26. Kulik, L, Heimbach, JK, Zaiem, F, Almasri, J, Prokop, LJ, Wang, Z, et al. Therapies for patients with hepatocellular carcinoma awaiting liver transplantation: A systematic review and meta-analysis. Radiology (2018) 67:381–400. doi: 10.1002/hep.29485

27. Paro, A, Dalmacy, D, Tslimigras, DI, Cloyd, J, Ejaz, A, and Pawlik, TM. Association of County-Level Upward Economic Mobility with Stage at Diagnosis and Receipt of Curative-Intent Treatment among Patients with Hepatocellular Carcinoma. Ann Surg Oncol (2022) 29:5177–85. doi: 10.1245/s10434-022-11726-7

28. Potretzke, TA, Ziemlewicz, TJ, Hinshaw, JL, Lubner, MG, Wells, SA, Brace, CL, et al. Microwave versus Radiofrequency Ablation Treatment for Hepatocellular Carcinoma: A Comparison of Efficacy at a Single Center. J Vasc Interv Radiol (2016) 27:631–8. doi: 10.1016/j.jvir.2016.01.136

29. Puijk, RS, Ahmerh, M, Goldberg, SN, and Meijerink, MK. Consensus guidelines for the definition of time-to-event end points in image-guided tumor ablation: results of the SIO and DATECA initiative. Radiology (2021) 301:533–40. doi: 10.1148/radiol.2021203715

30. Lin, YM, Paolucci, I, O’Connor, CS, Anderson, BM, Rigaud, B, and Fellman, BM. Ablative margins of colorectal liver metastases using deformable CT image registration and autosegmentation. Radiology (2023) 307:e221373. doi: 10.1148/radiol.221373. early online.




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2023 Zhan, Zhao, Tang and Leng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-13-1186133-g003.jpg





OEBPS/Images/fonc-13-1186133-g005.jpg
il P=0.918

: 3 s : X ] = s o —‘






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Local anaesthesia vs. general anaesthesia for percutaneous microwave ablation in hepatocellular carcinoma: efficacy, safety, and cost analysis

      

        		

          Purpose

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Background

        



        		

          Materials and methods

        

          		

            Study design and population

          



          		

            cTACE procedure

          



          		

            Anaesthesia modality

          



          		

            Percutaneous microwave ablation procedure

          



          		

            Data collection

          



          		

            Definitions and follow up

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Baseline patient characteristics

          



          		

            Comparison of LRFS and OS between GA and LA group before and after PSM

          



          		

            Subgroup analysis

          



          		

            Cost analysis

          



          		

            Intra- and postablation pain, AEs and complication

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-13-1186133-g001.jpg
Patients received TACE plus MWA (n=290))

Excluded
patients

Lost follow-up.

Beyond Milan criteria

Infitrative HCC

Treatment-experienced

n=39
n=26
n=18

n=32

Patients included in this study (n=175) ]

[

LA group
105 patients with
(128 HCC lesions

LA group
52 patients with
67 HCC lesions

GA group
70 patients with
107 HCC lesions

1:1PSM

GA group
52 patients with
77 HCC lesions






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Category GA group (n:

MWA procdure time (min) 1382260
Paricipatin heslthareproviders 52:09
Hosptlzation costs (1 K 5043
Hosptalstays(y) s2s10

GA. Generl snacsthesia: LA, Local snsesibesis PSM, Prepeskty score matching: MWA, Micrcweve Ablation,

10032154

30007

8813

son2

o017

0003

w001

0%





OEBPS/Images/table4.jpg
GA group (n=70) LA group (n=105)

Grades Number (%) Grades Number (%)

Intr-ablation =
2 E nid w0
: 5 Moderste P
- - Severe 30
Postablation pin oas7
Mid e it 260
Moderste 200 Moderate 05
Severe san Severe 1605
Adverse events of MWA
Fever, masimom 35°C no treatment ' 700 ' 1100 o919
Fever, > 38°C,treatment u 200 n 50 e
Nausea or vomit u 1309 1 wan osos
Ml lver dysfoncton, requiring conservatie tratment u e n 109 o733
Anesthesia adverse events
Diziness say 1 30 oo10*
Urnary reention n 2an o 30 <oo0r®
Respiratory depression ' 50 ' 1w o027
Complications
Hacmolyic uranic syndrome m 30 n 56 0595
Pleura efusion m 10 m 5© 02t
Liver abscess m 200 n 1o osut
Asymptomatic periheatic fuid w S0 w 70 o7y
Subcapsula ivr hemorehage W 200 w e oces’

Visual Al Sele (VAS) fo nva-and ostaltion ain.
Ntionsl Cancer Isite Comon Teminology Citris for Adves Event (CTCAE version 405)

Society of Intrsenions Radiclogy (SI) lssfcstionssers for Complications.

Dt ar ambers fevenis. Dt n parehess ae erceniages.

(GA. Genesl acshesis; LA, Loclancsthsiss P, Propensy score matching MWA. Mictowase Ablston.
Fenrson 73 ont ves cved P ot Vit et ok,





OEBPS/Images/table3.jpg
Category GA group (n=52) group ( P
WA procedure time (min) 10582582 aeisi <00
Panticpating heathere providers s23085 pre P
Hospialization costs (3 K) 5342417 38752128 <0001
Hosptalsays(y) s192103 sase12s om0

O Genew somcsthesier Ly Local snaceibedtoy PN, Prepesshy score matcblngs WIWA: Micoouwes AbSlon:





OEBPS/Images/fonc-13-1186133-g004.jpg
4

" P=0.637






OEBPS/Images/fonc.2023.1186133_cover.jpg
& frontiers | Frontiers in Oncology

Local anaesthesia vs. general anaesthesia
for percutaneous microwave ablation in
hepatocellular carcinoma: efficacy, safety,
and cost analysis





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-13-1186133-g002.jpg





OEBPS/Images/table1.jpg
Characteristics Before PSM After PSM

GA group LA group GA group
(n=70) (n=105) (n=52)

Gender o0i0 0ss7
Male @ M s -

Female s = 7 B

™ 0267 02
P 5 8 » »

559 2 s B »

Numiber of tumors o001 0
single 5 56 » 3

mulile 3 1 1 0

Tumor size 0267 o051
Ssem » 7) » 36

Shem 2 » \a 3

[— 0497 095
Yeo » s % =

No ¥ P B 2

Subcapsilar oou 016
Yeo w st 3 7

No 2 s s =
Chld-Pugh sore o o601
A s % @2 "

® 2 15 0 s

Actilagiesof hepattis oon o
None 3 u 3 4

3 s s % B

ey ' 16 3 s

Acohol s n 4 3

Others 6 2 6 5
Girthoss <0001 0365
Yeo » % 5 @

No 2 n 15 n

A ™ ™
<400 ngiml. @ 0 5 5

>100 ngiml. s 15 7 7

i ptiens wth e s, he chrsteiics of the gt eion were wed o sl
GA, Generl mnesthesa LA, Local sncsthcsi PS, Propesty soone maiching: AP, Alpha feaprolela,





OEBPS/Images/table5.jpg
GA group (n=52) LA group (n=52)

Grades Number (%) Grades Number (%)

Post ablation pain o
i 260 it 2@

Moderate e Moderate 200

Severe s Severe sa7)
Adverse events of MWA
Fever, masimum 35, no treatment ' a0 ' sa2) o0
Fever, > 38°C,treatment u 809 n 909 o
Nasea or voiting u nen n 1019) os07*
il lver dysfoncton, requiring conservative tratment u 200 n 2140) Lo
Anesthesia adverse events
Disiness o ey o 1 oo0s*
Urnary reention o 100) o 20 oot
Respiratory depression ' sa0) ' e o0092*
Complications
Hacmolyic urenic syndrome m 36 m e 03080
Pleura efusion [ 1® m sao) o727t
Liver abscess m o m 3@ o308
Asymptomatic periheatic fuid W 30 w 1o oot
‘Subcapsular liver hemorrhage w @ w 0@ onst

Visual Al Sele (VAS) for Pstsbation pin
Ntionsl Cancer Isiote Comon Teminology Citris for Adves Event (CTCAE verion 405)

Socictyof Itrscnions]Radiclogy (SI) lsifcsionsyser for Complictions.

Dt ar mambers feenis. Dt n parehessae perceniages.

(GA. Gencl ancshess; LA, Loclancsthsis: P, Propensy score matching MWA, Mctowase Ablston.
“Pescwonigd et s ool PN craet Wt s






