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Introduction

Thermal ablation of hepatic tumors remains a cornerstone 
of local-regional treatment for both primary liver cancers 
and metastatic tumors to the liver. While ablation is 
second in efficacy to surgical hepatic resection, ablation 
can aim toward curative intent in many circumstances 
when properly deployed. Thus, thermal or heat ablation 
using radiofrequency ablation and lately, microwave 
ablation, are part of the standard of care armamentarium 
for which hepatobiliary surgeons should be skilled at 
performing. Ablation has the additional advantage in that 
it can be performed with minimal invasiveness and thus is 
most commonly performed percutaneously using either 
ultrasound or computed tomography (CT) guidance by 
interventional radiologists. However, circumstances will 
still arise whereupon ablation will need to be performed 
surgically and can thus be pursued utilizing laparoscopy 
in these clinical scenarios. This review will summarize the 

indications, benefits, and potential pitfalls for laparoscopic 
ablation of liver tumors.

Indications and technical considerations

Expected efficacy and safety are the primary considerations 
for deciding upon the need for ablation of liver tumors as 
oncologic efficacy favors resection over ablation (discussed 
later) whereas in some cases ablation can provide nearly 
similar oncologic benefit but with greater safety depending 
on patient factors and hepatic related factors. If the patient 
is not a resection candidate, the indications for laparoscopic 
ablation of liver tumors must consider several factors. 
These factors include cancer type, underlying liver disease, 
relative tumor number, tumor size, anatomical location, 
and whether concomitant resection of another liver 
tumor is required. The primary consideration is whether 
there are contraindications to the patient undergoing 
percutaneous radiologic guided ablation. The most 
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common contraindications to percutaneous approaches 
are location of the tumor such that it is adjacent to other 
structures such as the gall bladder, colon, stomach, or 
diaphragm—structures which may become traumatized 
during a percutaneous approach. Clearly if an additional 
tumor needs to be resected, then ablation can be done in 
the same setting. Tumors should be 3 cm or less in size 
as both randomized controlled trials and cohort based 
retrospective studies have shown that recurrence rate is 
significantly elevated, regardless of cancer type, if tumors 
exceed this size (1-3). Tumor number, like resection, 
does not have a clear contraindication, but as the number 
of ablations are increased, the likelihood of recurrence 
becomes higher as does potential risk of hepatic related 
complications (2,4,5). Contraindications to ablation include 
tumors that are adjacent to hilar structures, particularly 
the bile ducts, as either incomplete ablation or damage to 
the bile ducts are the result which can be devastating to 
liver function. Additionally, if tumors are adjacent to major 
hepatic or portal vein branches are ablated, this could result 
in incomplete ablation due to “heat sink effect” secondary 
to the high volume of circulating blood which can cool the 
adjacent tissue or can result in thrombosis due to vessel wall 
injury.

While tumors less than 3 cm are candidates for 
ablation, tumors must also be large enough to be identified 
while performing intraoperative liver ultrasonography. 
Hepatobiliary surgeons must be proficient in hepatic 
ultrasound in order to perform intraoperative ablation. 
The identification of hepatocellular carcinomas (HCCs) 
can be more difficult in the presence of cirrhosis. B mode 
ultrasound coupled with availability of colored Doppler 
where necessary to identify biliary vs. vascular structures 
is utilized along with a flexible laparoscopic 10 mm probe. 
RFA or microwave probes are then placed under ultrasound 
guidance into the tumor to aim for a 1-cm ablation margin if 
possible. For purposes of this review, the electrical-physical 
properties for the various manufacturers radiofrequency 
and microwave platforms will not be discussed. However, 
both radiofrequency and microwave technologies using 
medium frequency alternating current (350–500 kHz) or 
electromagnetic waves (300 MHz–300 GHz), respectively, 
achieve a thermal temperature increase for the targeted 
tissue of greater than 60 ℃ to achieve coagulative necrosis 
for the ablation zone. Ablation probes are chosen depending 
on the manufacturer’s guidelines for tumor size and expected 
margin of ablation. Once ablation has been performed, 
ablated tissue is indistinguishable from surrounding liver 

tissue by ultrasound. As the probe is withdrawn, the tract 
should be cauterized to prevent bleeding. A CT or magnetic 
resonance imaging (MRI) should be performed at 6 weeks 
following ablation to evaluate for technical adequacy of 
tumor response to ablation and thus determine whether 
other treatments are required. 

Expected outcomes

Primary liver cancer

The most substantial number of clinical studies utilizing 
ablation for liver tumors have been performed for patients 
with HCC. Large cohort, retrospective analyses have 
demonstrated that ablation can achieve long term, durable, 
complete tumor responses. This efficacy decreases for 
tumors greater than 3.0 cm in size (3,6). When controlled 
for other risk factors such as burden of liver disease, HCC 
patients with tumors less than 3.0 cm in size can experience 
a substantial survival benefit (2,7). However, patients with 
tumors over 3.0 cm in size experience a survival rate of 51.5% 
vs. 61.4% for tumors less than 3.0 cm at 5 years (2) due to 
increased rate of incomplete ablation (3). Incomplete ablation 
drops median survival from greater than 60 months down 
to 31.1 months (6). Therefore, guidelines do not support 
attempts at ablation for tumors greater than 3.0 cm (8).  
In lieu of these findings, recent experimental data suggest 
increased aggressiveness and metastatic potential for 
incompletely ablated tumors due to localized damage 
response signaling within the tumor microenvironment (9).  
While randomized controlled trials of ablation vs. resection 
favor resection in terms of outcome (2) with a 5-year 
survival of 61% vs. 82%, respectively, these trials also 
demonstrate the significant efficacy for ablation. Initial and 
prolonged complete responses are thus possible following 
ablation (Figure 1). Thus, ablation is recommended for 
patients that are not resection candidates as part of standard 
of care guidelines for the treatment of small HCCs as 
defined by the American Association for the Study of Liver 
Diseases (AASLD) and the Barcelona Clinic Liver Cancer 
(BCLC) criteria (8,10). Indeed, recent studies to evaluate the 
potential for adjuvant therapy to extend survival following 
“curative” treatment, both ablation and resection patients 
were considered eligible for these randomized controlled 
clinical trials (11,12). However, evidence from the most 
recent STORM trial demonstrated a favorability of resection 
over ablation with a median recurrence free survival of 
38.7–41.7 months for resection vs. 19.6–22.1 months  
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for ablation, thus confirming ablation as a secondary 
modality to resection for HCC (11). Adjuvant sorafenib 
did not provide any additional benefit to ablation alone in 
this randomized, controlled trial. Additionally, ablation has 
been utilized successfully for several years as a means to 
“down-stage” HCC burdens or “bridge” patients for liver 
transplant candidacy (13).

Cholangiocarcinoma (CCA) is the 2nd most common, 
but much more rare in incidence, primary liver cancer and 
thus is less extensively studied with respect to ablation. 
However, ablation has been utilized, primarily for 
intrahepatic CCAs. Since intrahepatic CCAs often present 
at sizes much larger than 3 cm, other treatment approaches 

such as resection are more often considered for initial 
treatment. However, efficacy has been demonstrated for 
ablation primarily in the setting of intrahepatic metastatic 
recurrences following initial resection with a 5-year overall 
survival of 23.7% following ablation for recurrence (14). 
Thus, ablation can provide significant tumor responses and 
increase overall survival in the absence of chemotherapy 
for patients with CCA.

Hepatic metastases

Ablation has been used for a variety of hepatic metastases 
with significant efficacy, however the most extensively 

Figure 1 Ablation efficacy in liver tumors. (A) Chronic hepatitis B patient with 2.7-cm HCC (left) treated with microwave ablation and 
surveillance scan 6 weeks later (right) demonstrating complete response; (B) hepatitis C cirrhosis patient with 2.6-cm HCC (left) treated 
with microwave ablation and surveillance scan 5 years later showing complete response (right). Arrows (red) indicate HCC or cavity post-
treatment. HCC, hepatocellular carcinoma.
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studied has  been for  the treatment of  colorectal 
adenocarcinoma metastases (CRMs) due to the higher 
incidence of these patients available for analysis compared 
to patients with other cancer metastases. Similar to the 
results with HCC, ablation has been shown to be efficacious 
for CRM patients, particularly when tumor sizes are less 
than 3.0 cm (1). While no randomized controlled trials 
comparing resection and ablation have been performed, 
case control retrospective studies strongly suggest superior 
outcomes for resection over ablation with overall survival 
at 4 years of 65% for resection vs. 22% for ablation (5). 
CRMs harboring RAS mutations have worse outcome with 
both higher local recurrence rate and lower progression 
free survival rate at 3 years of 35% for mutant vs. 71% 
for wild type (15). Additionally, ablation has been used in 
combination with resection during single stage operations 
or as part of a 2-stage approach to clear one hepatic lobe 
of disease followed by contralateral hepatic lobectomy at 
a later stage operation for treatment of larger volume of 
tumor burden (16). Studies in CRMs patients are often 
difficult to interpret secondary to use of effective adjuvant 
chemotherapy regimens that are often incompletely defined 
in ablation studies, however significant evidence suggests a 
benefit to use of ablation for patients who are otherwise not 
a candidate for hepatic resection.

Complications

In properly selected patients, morbidity and mortality 
rates are less than 1% collectively across selected series 
(17,18). Side effects such as pain, low grade fevers, and 
transient elevation of liver function tests are common 
and easily treated with very little consequence. More 
serious, direct complications that can occur include hepatic 
insufficiency, biloma, biliary fistula, biliary stricture, hepatic 
abscess, hemorrhage, pseudoaneurysm, pleural effusion, 
pneumothorax, and direct injury to other structures such 
as the gall bladder, diaphragm or bowel. Of these, hepatic 
abscess is the most frequent with the risk being elevated 
in patients with prior or concomitant biliary-enteric 
anastomosis or biliary stenting being performed.

 

Conclusions

Laparoscopic radiofrequency ablation or microwave 
ablation offers the potential for curative treatment in 
properly selected patients with liver tumors. Ablation should 
be considered in patients who are otherwise not candidates 

for hepatic resection of liver tumors. A laparoscopic surgical 
ablative approach is typically chosen for patients who are 
not candidates for percutaneous approaches. Outcomes 
demonstrating significant efficacy are best studied in 
patients with HCC or CRMs with low complication rates, 
however ablation is increasingly successfully utilized in 
patients with other malignancies in the liver such as CCA 
and other metastatic tumors.
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