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Abstract
Background The optimal access for thermal ablation of the liver has not been evaluated in the literature for the laparoscopic 
versus percutaneous techniques. The aim of this manuscript was to determine the optimal ablation technique and patient 
selection for hepatic malignancies by comparing the efficacy and recurrence-free survival of laparoscopic and percutaneous 
thermal ablation.
Methods A detailed literature search was made in PubMed, Web of Science, Google scholar, and EMBASE for related 
research publications. The data were extracted and assessed by two reviewers independently. Analysis of pooled data was 
performed, and Odds Ratio (OR) or Hazard Ratio (HR) with corresponding confidence intervals (CIs) was calculated and 
summarized respectively.
Results A total of 10 articles were included with 1916 ablation patients. Laparoscopic ablation success (Median 100%) 
was found to be higher than percutaneous ablation success (median 89.4%) (p = ns). There was a higher percentage of both 
local and non-local hepatic recurrence in the patients treated with percutaneous ablation versus laparoscopic ablation. Meta-
analysis indicated no difference in the adjusted hazard rate of recurrence by procedure type (p = 0.94). Laparoscopic ablation 
had a higher percentage of complications compared to percutaneous ablation (median lap 14.5% vs. perc 3.3%).
Conclusions While laparoscopic and percutaneous ablation are both effective interventions for hepatic malignancies, lapa-
roscopic ablation was found to have improved ablation success and less local and non-local hepatic recurrence compared to 
percutaneous ablation.
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Abbreviations
HCC  Hepatocellular carcinoma
MWA  Microwave ablation
RFA  Radiofrequency ablation
AZ  Ablation zone
CT  Computerized tomography
MRI  Magnetic resonance imaging
CI  Confidence interval
HR  Hazard ratio

OR  Odds ratio
RCTs  Randomized controlled trials)

Introduction

Hepatic malignancies are one of the most common and fatal 
cancers worldwide. It is the second leading cause of cancer 
in men and the sixth leading cause of cancer in women [1]. 
Hepatocellular carcinoma (HCC) is the most common pri-
mary liver malignancy, and it is the third leading cause of 
cancer deaths worldwide [2]. Other types of liver tumors 
include intrahepatic cholangiocarcinoma, gallbladder cancer, 
secondary liver malignancies (Colorectal and Neuroendo-
crine) as well as benign liver tumors [3]. HCC, metasta-
ses, and benign lesions have varying treatment modalities 
including surgical resection, thermal ablation, cryoablation, 
embolization, and liver transplantation [4]. When resection 
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is not indicated, thermal ablation is an effective alternative 
treatment strategy that can be used as an adjunct in cancer 
therapy overall [5].

Two types of thermal ablation are currently being used 
as treatment modalities for hepatic tumors—microwave 
ablation (MWA) and radiofrequency ablation (RFA). The 
goal of both modalities is the induction of cellular dam-
age or death [6]. It has been found that that cell death in 
the ablation zone (AZ) is indistinguishable between MWA 
and RFA [7]. However, there are some major differences 
between these two ablation modalities. RFA is limited by 
the level of temperature that can be reached in the AZ and 
by the variation in size of the AZ [6]. In contrast, due to the 
mechanism of action of MWA, heat can be continuously 
generated in much larger volumes of tissue; clinically, this 
results in fewer applications of energy and enhanced ease of 
obtaining ablation margins [8]. MWA is a relatively newer 
ablation modality, compared to RFA. Studies that examined 
MWA, RFA, or both modalities are included in this system-
atic review.

Laparoscopic and percutaneous approaches are currently 
being used for both MWA and RFA of hepatic tumors. 
Importantly, laparoscopic ablation has been found to be 
advantageous for preventing damage to nearby organs as 
well as for ablating tumors that are relatively inaccessible 
percutaneously [9]. Laparoscopic ablation is also beneficial 
for HCC tumors located on the surface, multiple tumors, or 
tumors that are undetectable by computerized tomography 
(CT) or magnetic resonance imaging (MRI) [9]. Perceptions 
remain that laparoscopic ablation is more invasive and car-
ries more risk than does percutaneous ablation, however 
both require general anesthesia commonly and the length of 
stay has been equivalent [9].

It is vital that physicians opt for the most efficacious and 
safe ablative technique to enhance patient survival and pre-
vent morbidity, recurrence, and death. Thus far, very few 
studies have compared laparoscopic ablation and percuta-
neous ablation of hepatic tumors with regards to optimal 
patient selection for each technique, efficacy and recurrence-
free survival. The aim of this study was to compare these 
two ablative techniques for efficacy and recurrence-free 
survival.

Methods

Literature search

A systematic review of the literature was performed accord-
ing to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines using PubMed, 
Web of Science, Google scholar, and EMBASE. The initial 
search was conducted using the terms “liver”, “ablation”, 

“laparoscopy”, “percutaneous”, and “oncology” in all fields. 
The initial search yielded 124 results (Fig. 1). An additional 
5 articles were hand-selected and added. From the combined 
129 articles, 119 articles were excluded after being screened 
for the following criteria: English only, human subjects only, 
ablation of liver tumors, and comparison of percutaneous 
and laparoscopic ablation. Duplicates, meta-analyses, and 
systematic reviews were also removed, yielding 10 total 
articles. The remaining 10 articles were examined in their 
entirety and searched for quality reporting data related to 
the key inclusion criteria, which is outlined in the section 
below. After this review, the 10 articles remained, and the 
efficacy data and recurrence-free survival outcomes based 
upon ablation modality type were extracted (Fig. 1).

Inclusion and exclusion criteria

Inclusion was limited to English articles and included obser-
vational and comparative cohort studies. Original articles 
that focused on ablation of liver tumors with the direct or 
indirect comparison of laparoscopic ablation versus percuta-
neous ablation were identified and included. Their reference 
lists were further examined to identify additional studies not 
captured by the primary literature search. Exclusion crite-
ria included non-English studies, reviews, letters, abstracts, 
studies in animals, and laboratory studies. Additionally, any 
articles that examined resection or hepatectomy, organs that 
were not the liver, microwave ablation versus radiofrequency 
ablation, or only one ablative technique were excluded.

Data extraction and quality assessment

One author independently screened the titles and abstracts 
of all articles identified in the primary search strategy. Based 
on the inclusion and exclusion criteria, the author assessed 
the full text of 10 articles, and then subsequently performed 
the data extraction (JM). Enduring conflicts and questions 
were resolved following review by a second author (RM). 
Extracted perioperative and operative variables included 
tumor histology, tumor size and range, ablation modality, 
differences between percutaneous and laparoscopic groups, 
postoperative morbidity and mortality, and recurrence-
free survival. The primary endpoint was recurrence-free 
survival. Secondary endpoints included ablation success, 
local recurrence and postoperative morbidity and mortality. 
Studies were given a “strength score” based on experimental 
design and number of participants. Randomized controlled 
trials (RCT) were assigned a value of + 4.0 points towards 
their strength score total. Non-randomized trials received a 
value of + 3.0 points. Observational studies with controls 
were given a value of + 2.0 points, and observational stud-
ies without controls were scored with + 1.0 points. Studies 
with more than 100 participants were given (+ 0.3) points, 
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between 50 and 100 participants were given (+ 0.2) points, 
and less than 50 participants received (+ 0.1) points toward 
the total strength score.

Definitions

This systematic review follows the definitions of ablation 
success, local recurrence, and non-local hepatic recurrence 
as proposed by North et al. [4]. Ablation success was defined 
as “complete eradication of the tumor using high-quality 
cross-section contrast-enhanced imaging (CT or MRI) 
within 4 weeks of ablation, specifically disappearance of any 
intratumoral contrast enhancement as described in modified 
Response Evaluation Criteria in Solid Tumors (RECIST) cri-
teria.” Local recurrence after confirmation of ablation suc-
cess was defined as “evidence for viable tumor at or within 
1.0 cm of a prior ablation site for which ablation success 
was documented—confirmed by multi-slice, multi-phase 
dynamic imaging.” Further, North et al. defined nonlocal 
hepatic recurrence as “evidence for viable intrahepatic tumor 
more than 1.0 cm from any prior ablation site at any time 
interval after ablation.” The authors of this current review 

defined post-ablation mortality as death within 30–90 days 
post-ablation that occurred due to the ablation.

Statistical methodology and risk of bias assessment

Meta-analysis was performed to obtain combined estimates 
across manuscripts for the following four outcomes: abla-
tion success, local recurrence, surgical complication, and 
adjusted hazard of recurrence. The first three outcomes are 
binary, and counts/percentages were extracted from the 
manuscripts. Similarly, the adjusted hazard ratios (aHR) for 
recurrence were extracted from manuscripts that included 
such information. Groeschl et al. [13] did not report an aHR 
directly comparing laparoscopic and percutaneous proce-
dures but including aHR comparing each relative to open 
surgery. An aHR for the contrast of interest was estimated 
from the difference of the log(aHR)s compared to open; a 
conservative standard error estimate was taken by assum-
ing additive variances of the log(aHR)s. Sensitivity analyses 
were performed by excluding potential non-representative 
manuscripts and investigating any differences in the results. 
To account for known differences in the design and data 

Fig. 1  PRISMA diagram of 
literature search
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collection across studies (difference in definition of ablation 
success, follow-up time for local recurrence, the choice of 
confounders in aHRs, etc.), a random effects model is used 
throughout to account for this known source of study het-
erogeneity; analysis using the alternative fixed effect model 
(results not shown) did not lead to any substantive differ-
ences in results. Statistical analysis was performed using R 
statistical software, version 4.1.2.

Results

Ten articles met the inclusion criteria and were included in 
the analysis [4, 9–17] (Fig. 1). These studies were largely 
observational and comparative cohort studies. A total of 
2268 patients with liver tumors were subjects for interven-
tions in these studies. Among them, 498 patients underwent 
laparoscopic ablation, while 1418 patients underwent percu-
taneous ablation (Table 1). Patient selection and technique 
are described in detail for each study. Patients were predomi-
nantly male (69%, 1861 of 2706) in the included studies. 
Some patients received neoadjuvant therapy before under-
going ablation, however, only 5 studies reported these data 
[9, 10, 13, 17, 18]. The decision to perform laparoscopic 
or percutaneous ablation was at the physician’s discretion 
based on tumor location and accessibility, tumor size, intra-
operative assessment, patient comorbidities, past therapy, 
and patient preference. Generally, patients with tumors in 
more challenging locations were candidates for laparoscopic 
ablation, while patients that had tumors in more accessible 
locations were candidates for percutaneous ablation.

Tumor characteristics and ablation modalities

Most of the hepatic tumors included in the studies were 
classified as HCC (2460 of 3106 total tumors). The remain-
der of the tumors were classified as either a metastasis or 
some other tumor type (570 and 76, respectively) (Table 2). 
Tumor size and range were reported in various modes in 
each article, with 5 articles reporting the mean or average [9, 
11, 12, 16, 18], 4 articles reporting the median [10, 13, 14, 
17], and 1 article not specifying [15]. In one of the articles 
that reported the tumor size as a mean, the range was not 
reported. [9]. Seven of the 10 articles reported the tumor size 
for both the laparoscopic group and the percutaneous group 
(Table 2). Ablation modality varied between studies, with 6 
examining RFA, 3 examining MWA, and 1 examining both 
modalities (Table 2).

Ablation success and recurrence

Ablation success was defined in 8 of 10 studies; how-
ever, these definitions varied. Two studies did not report 

a definition for ablation success (Table 2) [9, 11]. The per-
centage of laparoscopic ablation success versus percutane-
ous ablation success was higher in the 4 of 5 studies that 
reported these data (Table 2). On meta-analysis, the odds 
of a successful ablation were no different for laparoscopic 
vs percutaneous procedure (OR 1.12, 95% CI 0.60–2.09, 
p = 0.72) (Supplement Figure). Wong et al. was the only 
study that reported a higher percutaneous ablation success 
percentage compared to the laparoscopic ablation success 
percentage (84.6% vs. 82.5%, respectively) (Table 2); how-
ever, this 82.5% success rate corresponds to a combined 
cohort of 22 laparoscopic and 75 open surgeries, which 
we treated as the laparoscopic cohort. Repeating the meta-
analysis excluding this manuscript (Wong et al.) provides 
some evidence in favor of higher success for laparoscopic 
technique (OR 3.12, 0.79–12.34, p = 0.11) (Fig. 2a).

Local recurrence was reported in 6 of the 10 studies 
and non-local hepatic recurrence was reported in 2 studies 
(Table 3). For each of these studies, it was found that there 
was a higher percentage of both local recurrence and non-
local hepatic recurrence in the patients treated with percu-
taneous ablation versus laparoscopic ablation (Table 3). The 
reported percentages of the local recurrence for the laparo-
scopic groups were 2.8–57.9%, whereas the reported com-
parative percentages of the local recurrence for the percu-
taneous groups were 11–70.1%, respectively. Meta-analysis 
(Supplemental Figure) finds a lower odds of local recur-
rence using a laparoscopic procedure (OR 0.50, 0.28–0.92, 
p = 0.02); re-analysis excluding the Wong et al. [14] again 
supports a lower rate of recurrence for laparoscopic groups 
(OR = 0.36, 0.17–0.74, p < 0.01) (Fig. 2b). The authors of 
the sixth study that reported the local recurrence percentages 
only reported data for the percutaneous group (14.1%) and 
stated that this percentage is higher than the laparoscopic 
groups’ percentage [13]. As for non-local hepatic recur-
rence, two papers reported 36.6% [9] and 41.2% [14] for 
the laparoscopic groups and 49.7% and 42.6% for the per-
cutaneous groups, respectively. Only the Zhang et al. paper 
reported recurrence-free survival percentages that compared 
the laparoscopic group with the percutaneous group. They 
found higher recurrence-free survival percentages at the 1-, 
and 3-year follow-up time periods for the laparoscopic group 
compared to the percutaneous group. At the 5-year follow-up 
period, the percutaneous group was found to have a higher 
percentage of recurrence-free survival (Table 3).

Postoperative complications and mortality

Postoperative complications comparing laparoscopic abla-
tion and percutaneous ablation were reported in six stud-
ies. Five of the six studies reported a higher percentage of 
complications with laparoscopic ablation compared to per-
cutaneous ablation (Table 3), and meta-analysis indicates 
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Table 1  Study characteristics of the articles reporting on laparoscopic ablation versus percutaneous ablation for hepatic tumors

Author Publication year Total cohort Lap cohort Perc cohort Technique treatment decision

Della Corte et al [18] retrospective 2020 91 28 63 Evaluation and consensus of both the interven-
tional radiologist (IR) and surgeon on a case-
by-case basis. The intraoperative approach was 
generally favored in presence of one or more 
of the following conditions: multifocal disease, 
sub-diaphragmatic location, subcapsular loca-
tion, proximity to high-risk areas (adjacent to 
large vessels or extrahepatic organs)

Eun et al [9] retrospective 2017 244 71 173 PRFA was considered for HCC patients who 
could not endure surgical removal or ablation 
of the tumor, or who were not eligible for liver 
transplantation; it was considered the most 
appropriate modality for HCC masses measur-
ing < 3 cm in diameter and located away from 
vital organs such as the bowel, bile duct, ureter, 
or diaphragm because of the risk of perforation 
or injury

LRFA was indicated for tumors that were ineli-
gible for PRFA and for patients who could not 
undergo tumor resection due to advanced liver 
cirrhosis

De Cobelli et al [10] 2017 60 12 30 None described
Zhang et al [11] retrospective 2016 154 19 77 Tumours have percutaneous puncture routes in 

normal or artificial serothorax conditions, the 
percutaneous RFA procedure was recom-
mended. If one tumour was located near the 
subhepatic inferior vena cava or the gastroin-
testinal tract, the laparoscopic approach was 
recommended

Ding et al [12] retrospective 2016 846 6 815 The selection for the percutaneous approach was 
based on whether transabdominal ultrasound 
could clearly show the tumour with a safe 
pathway or could be corrected with assisting 
methods, such as artificial pleural effusion or 
ascites and water injection to the gallbladder 
bed; however, if there was difficulty in visualis-
ing the hepatic lesions and adjacent structures 
or there was a risk of damaging vital structures, 
intraoperative ultrasound guided ablation was 
performed during open or laparoscopic surgery

Groeschl et al [13] prospective 2014 450 186 45 Percutaneous MWA were chosen for patients 
whose comorbid conditions precluded an 
operation
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higher odds of complications for laparoscopic procedures 
(OR 3.08, 1.52–6.25, p < 0.01, (Supplemental Figure) 
analysis without Wong et al. (2012): OR 2.19, 1.10–4.35, 
p = 0.03) (Fig. 2c). Postoperative mortality occurred in 3 of 
the 7 articles that reported it (Table 3). Ding et al. noted that 
two deaths occurred within 30 days of the MWA. Groeschl 
et al. stated that seven patients died within 30 days of the 
MWA. Wood et al. noted that of the patients that died, one 
death was directly due to the percutaneous ablation that was 
performed.

As most manuscripts included in this analysis are non-
randomized cohort studies, the above difference may be 
impacted by treatment selection bias. To that end, we con-
sider a meta-analysis for recurrence-free survival based 
on the three manuscripts including RFS adjusted hazard 
ratios (Fig. 3) as these may provide a fairer comparison 
that accounts for differences in treatment groups. Based on 
this analysis, no significant difference was found in the haz-
ard associated with laparoscopic versus percutaneous sur-
gery (meta-analysis adjusted HR 1.03, 95% CI 0.53–1.99, 
p = 0.94). Excluding the Groeschel et al. [13] manuscript 

that required approximating the standard error did not mean-
ingfully change the results (adjusted HR 0.85, 0.20–3.51, 
p = 0.82).

Heterogeneity and risk of bias

Overall, the articles included in this review were non-rand-
omized observational cohort studies; therefore, they received 
a relatively poor strength score (median 1.25 out of a pos-
sible 4.3, range 1.1–1.3). The lack of randomization, con-
trols, and large patient cohorts were major contributors to 
the studies’ low strength scores.

Discussion

The present systematic review summarizes the available 
data on the efficacy and outcomes of laparoscopic abla-
tion versus percutaneous ablation of various hepatic tumor 
types. To date, there have been no systematic reviews pub-
lished that compare these two modalities of treatment for 

Table 1  (continued)

Author Publication year Total cohort Lap cohort Perc cohort Technique treatment decision

Wong et al [14] prospective 2012 233 97* 136 Parameters including tumour size, number and 
location, previous abdominal operations, 
general anaesthetic risk as well as the necessity 
for concomitant operative procedures were 
all taken into account when planning for the 
approach used. The percutaneous approach 
remained the first choice of treatment if techni-
cally feasible (as this would be least invasive 
for the patient), followed by the laparoscopic 
and open approach. Subcapsular tumours and 
lesions located too close to major vessels or 
bile ducts were considered unsafe for the per-
cutaneous approach, and a surgical route would 
have to be considered instead. A laparoscopic 
approach would be chosen for tumours located 
close to the gallbladder, of which a laparo-
scopic cholecystectomy would be performed at 
the same time

Hirooka et al [15] retrospective 2009 74 37 37 Prior to the start of therapy, we recommended 
LRFA for all patients with HCC nodules adja-
cent to the gastrointestinal tract or gallbladder. 
If the patient agreed, LRFA was carried out. If 
the patient did not agree to laparoscopy, PRFA 
was performed

Yokoyama et al [16] retrospective 2003 32 15 17 None described
Wood et al [17] prospective 2000 84 27 25 Patients deemed eligible for RFA had no evi-

dence of extrahepatic disease, a tumor volume 
less than 40% of total hepatic volume as deter-
mined by IOUS, and sufficient hepatic reserve 
to undergo ablation (Childs-Pugh class A or B)

Lap laparoscopic, Perc percutaneous
*Number of patients in the surgical cohort (laparoscopic or open approach)
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hepatic tumors. This review examines 1916 patients, of 
whom, approximately 26% underwent laparoscopic abla-
tion and 74% underwent percutaneous ablation. At base-
line analysis, there were some differences noted between 
the two groups in 5 of the 10 studies. It was reported in 
three studies that there was a higher number of patients 
with multinodular disease in the laparoscopic group versus 
the percutaneous group (Table 4) [9, 16, 18]. All other 
differences listed in Table 4 were only found in one study 
each. Many of these group differences were found to be 
statistically significant and may have contributed to the 
outcome of the studied ablation treatment. The reported 
median and mean sizes of the laparoscopic versus percu-
taneously treated tumors were comparable.

According to the data presented in the included studies, 
there was found to be a higher percentage of ablation success 
in laparoscopic groups compared to percutaneous groups in 
4 of 10 studies [9, 10, 16, 18], with only one study reporting 
a higher percentage of ablation success in the percutaneous 
group [14]. It should be noted that in this study, the percuta-
neous group was being compared to a surgical cohort group 
that included both the laparoscopic and open approach. It is 
difficult to distinguish if the combining of both laparoscopic 
and open surgical approaches had any role in decreasing the 
ablation success rate.

Of note, the definition of ablation success varied widely 
across studies. Out of the 8 studies that reported a defi-
nition for ablation success, technique efficacy, complete 

Fig. 2  Forest plot of meta-analysis of a ablation success b local recurrence c complications
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ablation, or incomplete ablation, 5 mentioned post-abla-
tion imaging (CT or MRI), 3 mentioned a post-ablation 
1-month timeframe, 5 mentioned disappearance or absence 
of enhancement, and 4 mentioned complete destruction, 
necrosis, or eradication of the tumor (Table 2). North et al. 
states that the completeness of the initial ablation is the 

most important factor for ablation success and improved 
progression-free survival [4].

The local and non-local hepatic recurrence percentages 
were found to be lower in the laparoscopic group compared 
to the percutaneous group in every study that reported these 
data. Regardless of the ablation modality (MWA or RFA), 

Table 3  Outcomes reported in all included studies

Lap laparoscopic, Perc percutaneous
* Reported as marginal recurrence
** Surgical cohort (laparoscopic or open approach)

Author Publication year Recurrence free survival (%) 
(Lap/Perc)

Local recur-
rence (%)  
(Lap/Perc)

Non-local hepatic 
recurrence (%) (Lap/
Perc)

Post-ablation 
mortality (%)

Complications 
(%) (Lap/Perc)

Della Corte et al [18] 2020 – 7.7/21.1 – 0% 14.3/3.2
Eun et al [9] 2017 – 2.8/11.0* 36.6/49.7 – 8.7/2.8
De Cobelli et al [10] 2017 – – – 0% 16.6/3.3
Zhang et al [11] 2016 1-year:94.7/80.5; 

3-year:55.3/36.7; 5-year: 
14.7/22/1

57.9/70.1 – 0% 31.6/15.6

Ding et al [12] 2016 – – – 0.24% –
Groeschl et al [13] 2014 – –/14.1% – 1.50% 9.3/11.1
Wong et al [14] 2012 – 24.7**/29.4 41.2**/42.6 0% 26.8**/4.4
Hirooka et al [15] 2009 – 0/17.5 – – –
Yokoyama et al [16] 2003 – – – – –
Wood et al [17] 2000 – – – 4% –

Fig. 3  Forest plot of meta-analysis of recurrence free survival for a all studies b estimated HR study excluded
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laparoscopic ablation seems to lead to better recurrence out-
comes for patients when compared to percutaneous ablation. 
Unfortunately, only one study reported comparison percent-
ages of recurrence-free survival for the laparoscopic group 
versus the percutaneous group (Table 3) [11]. It is interesting 
to note that the laparoscopic recurrence-free survival per-
centages are higher for both 1- and 3-year survival; however, 
the 5-year laparoscopic recurrence-free survival percentage 
is lower when compared to the percutaneous percentage. 
This might suggest that percutaneous ablation may have 
some longer-term effects in warding off recurrence, whereas 
laparoscopic ablation may lead to more robust and immedi-
ate protection due to initial accessibility and visualization 
of the lesion. More research must be done comparing the 
recurrence and recurrence-free survival of these two ablation 
techniques to accurately and equivocally determine if there 
is a significant difference in patient outcome.

While laparoscopic ablation is reported to have a higher 
ablation success rate and fewer recurrences than percuta-
neous ablation, the included studies also reported a higher 
complication rate for the laparoscopic modality. Of the three 
studies reporting complications in a comparative manner, 
two reported a higher complication rate in the laparoscopi-
cally treated patients versus the percutaneously treated 
patients [9, 18]. While laparoscopic ablation for hepatic 
tumors has shown great promise, it may come with greater 
risk for complications.

Limitations of the present review include the limited sam-
ple size of patients who underwent laparoscopic ablation 
(n = 498) compared to percutaneous ablation (n = 1418), 
baseline differences between the two groups in 5 of the 10 
studies, as well as different indications for ablation from 
center to center. Also, the heterogeneity of tumor histologies 

in this review may decrease the generalizability of the find-
ings. The quality of reporting in these studies continues to be 
problematic to as clearly define ablation quality and optimal 
liver segment tumor location. Other critical limitations are 
based on the inherent fact that optimal liver segment loca-
tions and prior abdominal surgery play a significant role in 
choosing a laparoscopic or percutaneous approach. Contin-
ued reviews and discussion are critical for referring physi-
cians to understand these metrics.

Ultimately, this systematic review portrays the need for 
randomized controlled trials and controlled observational 
studies that compare efficacy and outcomes of laparoscopic 
ablation and percutaneous ablation of hepatic tumors. Based 
on the data presented and in our opinion and current clinical 
exposure we believe that a laparoscopic technique should 
be considered for larger lesions (3–5 cm), (for ease of over-
lapping access), multi-focal lesions (for improved staging, 
i.e. identifying other lesions), segment 7 and 8 lesions, and 
lesions close to extra-hepatic structures. Furthermore, there 
must be a standardization of definitions for ablation suc-
cess, local recurrence, and non-hepatic local recurrence to 
accurately compare and repeat studies done on these ablation 
modalities.

Conclusions

In conclusion, the cumulative data from this systematic 
review suggests that laparoscopic ablation has a higher abla-
tion success rate and a lower recurrence rate when compared 
to percutaneous ablation, and similar recurrence-free sur-
vival outcomes. Further studies are warranted to examine 

Table 4  Differences between laparoscopic and percutaneous ablation patients

Zhang et al.—None, Ding et al.—Not reported, Groeschl et al.—Not reported, Hirooka et al.—None, Wood et al.—None

Author Publication year Laparoscopic group Percutaneous group

Della Corte et al [18] 2020 Higher multinodular disease (p < 0.001) Higher rates of non-treatment naïve patients (p = 0.001)
General anesthesia (p < 0.001) Patients with Hepatitis-C (p = 0.03)
Average higher energy delivered over tumor 

size (p = 0.033)
BCLC-A1 disease (p = 0.006)

Eun et al [9] 2017 More patients with liver cirrhosis (p = 0.018) Lower incidence rate of complications (p = 0.104)
Multiple tumors (p = 0.001)
Higher TNM stages (p < 0.001)
Higher Child–Pugh scores (p = 0.010)

De Cobelli et al [10] 2017 – Prevalence of larger nodules
Longer ablation times

Wong et al [14] 2012 Higher median hospital stay (p < .001) Higher median age (p = 0.045)
Higher number of solitary tumors ablated (p < 0.001)

Yokoyama et al [16] 2003 Higher percentage of superficial tumors –
Higher mean number of tumor nodules
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longer-term recurrence data as well as the complication rates 
for both ablation techniques.
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