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Laparoscopic thermal ablation for colorectal liver metastases:
technical tips and pitfalls
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Abstract: The optimal treatment for colorectal liver metastases (CRLMs) is surgical resection. However,
only a small percentage of patients (20-30%) are fit for surgery due to burden of disease or comorbidities.
Local ablation techniques, such as radiofrequency or microwave ablation, proved to be selectively an effective
strategy either for unresectable patients with small nodule (<30 mm) or adjuvant to surgery for the treatment
of complex and bilobar CRLMs within a multi-modal strategy such as one/two stage hepatectomy, or
associating liver partitioning and portal vein occlusion for staged hepatectomy. In this era of minimally invasive
surgery, there is a subgroup of patients amenable for thermal ablation who may benefit from a laparoscopic
approach. At regards, in several retrospective studies, this technique has been showed to be effective thus
prolonging survival rate with an acceptable standard of living. Any way a definite road map for laparoscopic
thermal ablation is yet to be standardized. Our objective was to evaluate the advantages, technical tips and
pitfalls of the laparoscopic approach according the criteria of the evidence-based medicine. Nevertheless all
available data derived from retrospective studies except for one old-fashioned prospective trial, laparoscopic
thermal ablation proved to be safe and effective technique both in the short and long-term follow-up period
either in combination with complex scheduled surgery or alone for the treatment of lesions not visible
at percutaneous ultrasound or for patients under severe coagulation’s disorders. Currently laparoscopic
thermal ablation can be considered as a valid adjuvant tool to surgery for CRLMs, especially for deep and
small unresectable lesions, thus encouraging oncological results with low morbidity and allowing patients to
optimize time for chemotherapy. We must wait for stronger and prospective randomized controlled trial to

define the role of thermal ablation alone vs. surgery for patients with resectable disease.
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Introduction (up to 58%) with low mortality (1-3%) (1). Nevertheless, only

a small group of them (15-20%) are amenable to upfront liver
Actually, liver resection is the standard of care for treatment of resection. In the last two decades, the sinergy among surgeons
patients affected by liver metastases from primary colorectal and oncologists, thus applying technologically advanced

cancer (CRLMs), ensuring remarkable 5-year survival rates procedures [portal embolization, local ablations techniques,
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two stage hepatectomy and associating liver partition and
portal vein ligation for staged hepatectomy (ALPPS)], with
new anti-angiogenic agents, significantly impacted on rate of
resectable patients up to 30% (2).

The loco-regional treatments focused on liver tumors
may be classified into those using either chemicals
or extreme temperatures. The first group was mostly
represented by percutaneous ethanol injection (PEI), while
the second one consists of therapies employing both very
low temperatures (cryoablation) and very high temperatures
achieved either by electromagnetic waves, such as
radiofrequency (RFA), microwave (MWA) and light waves
(laser) ablations, or by sound waves, such as high-intensity
focused ultrasound (HIFU). RFA and MWA are currently
the most widely diffused and effective interstitial ablative
technique (3). In the first era, since 1990’s RFA had a
worldwide diffusion due its efficacy and low morbidity (4,5).
More recently, while RFA technology development didn’t
move forward, MWA was expanding rapidly thus gaining
its success due to its more homogeneous and powerful
thermal effect (6). In the actual scenario of minimally
invasive liver surgery, laparoscopic thermal ablation (LTA)
gained a huge expansion within multimodal treatment of
CRLMs, either alone for small, deep and tricky lesions not
visible at percutaneous US, or more frequently adjuvant to
resection, within a one or two step operation especially for
bilobar CRLMs (7). Our aim is to review the current role
of laparoscopic ablative approach in the management of
CRLMs. In the first part of the paper specific considerations
concern Laparoscopic via will be explained, while in the
second one crucial open issues regard TA will be held.

Methods

We conducted a PubMed research to select papers of
interest. The following keywords were used to search in title
or abstracts: “colorectal liver metastases” and “laparoscopic
thermal ablation” or “laparoscopic radiofrequency ablation”
or RFA” or “minimally invasive radiofrequency ablation”
or “microwave ablation” or “MWA”. Our research was
restricted to English articles published from February 1990
to February 2022 and for which full text was achievable.

LTAs for the treatment of CRLMs
Indications for LTA

The literature regarding indication for TA for patients with
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resectable CRLMs is quite exclusively based on retrospective
studies, often limited by the iniquity of baseline line of
comparative group, thus actually TA (regardless the type of
approach) should not be used instead of surgical resection,
as reported in COLLISION Trial (8); moreover, the choice
of percutaneous vs. surgical via, depends on the specific
strategy decided in a multidisciplinary setting.

Over the last two decades, TA has been incorporated into
the treatment of unfit for surgery patients with CRLMs (9).
Following are the most common indications for TA for the
treatment of CRLMs reported in literature regardless of
approach:

()  Adjuvant to resection in the presence of not enough

functional remnant liver volume or persistent
nodule in the residual liver (7,10-13);

(II) Fit for surgery but small lesion (<30 mm) solitary
and deep nodule, instead of a non-acceptable huge
resection, after discussion of pro and cons (14-17);

(IIT) Patients unsuitable for hepatectomy with less than
8 CRLMs and largest lesion less than 40 mm (8);

(IV) Unfit for surgery for elderly people, performance
status, comorbidities and/or personal refusal (18);

In addition, there are specific indications for LTA for
CRLMs in the event of the following “tricky” scenarios
(7,19-21):

(I) Padents with nodules not visible at percutaneous US:

(i) Lesions in the liver dome about the diaphragm;

(i) Lesions in posterosuperior segments;

(iii) Lesions in sub-glissonian position;

(iv) Lesions next to stomach, duodenum, right
colonic flexure or kidney;

(v) Lesions next to gallbladder.

(II) Patients under severe coagulation’s disorders;

(III) In combination with surgery within a minimally
invasive two-stage hepatectomy/ALPPS strategy;

These indications are indicative and effective for primary
and recurrent disease and should always be determined by
multidisciplinary evaluation. We have to keep in mind that
progression after systemic treatment and/or extrahepatic
disease are an oncological contraindication for TA (7).

LTA: technical tips and tricks

There are three methods to perform TA: percutaneous,
open and laparoscopic approach. Instead of for what
concern the treatment of hepatocellular carcinoma in which,
the percutaneous TA is the favorite used in almost 75% of
cases (22), surgical TA, is widely diffused for the treatment
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Figure 1 Operative setting for LTA depending on the target location. LTA, laparoscopic thermal-ablation.

of CRLMs (23), preferable in combination with surgical
resection. PTA has several limitations, including potential
higher local tumor recurrence (LTR) rate compared to
surgical via, inferior tumor staging and limitations to treat
superficial or tricky located metastases (24,25).

Mimmo ef 4/. in a recent systematic review analyzed
12 studies concerning patients submitted to MWA +/-
surgery for resectable CRLMs, reporting TA was done
in majority of cases trough surgical approach (85.9%)
of whom 47.5% via laparoscopy (26). Surgical TA was
chosen for multiple (72.6%) and synchronous (55.9%)
lesions, thus reporting vs. the percutaneous via, the same
morbidity (26.8% vs. 25%) and a better free from LTR
rate at 12 months (88.6% vs. 78.5%). These results reflect
effectiveness of the surgical TA applied to patients with
higher disease’s burden.

Even if L'TA requires general anesthesia and high skill
in laparoscopic ultrasound (LUS), it pooled advantages of
both open and percutaneous via (27,28). LTA showed better
results in terms of LTR due to better targeting for tricky
located nodules and a more aggressive ablation thanks to
ongoing US monitoring (9,25). Moreover, LUS may safely
identify further small nodules in the liver or peritoneal
carcinosis, not seen on preoperative imaging studies (29-32).

As reported above, LTA alone is quite a rare option,
which can be requested to treat CRLMs unfit either for
open surgery, percutaneous TA or for chemotherapy. First
of all, patient’s position in operative room is crucial to get
easier the targeting of the CRLMs. As previously described
for hepatocellular carcinoma (HCC) (33), there different
positions of the patients depending on site of the nodule,
with the crucial issue the target has to be always on top of
the surgeon’s viewing (Figure I).

The more lesion is going towards right posterior

© Laparoscopic Surgery. All rights reserved.

segments, the more the patient will be tilted trough a left
“thoracotomy” position. Patients generally lie supine with
close legs, but in front of previous surgery with expected
adhesions, abduction of thighs is recommended with
surgeon among them. First step is always intraoperative
LUS examination with a dedicated probe (7.5 linear array
transducer) and a systematic technique previously described
in literature (34). Since laparoscopic approach is often
performed for tricky lesions, in selected cases the following
technical tips are suggested (33):

() “Water technique” for lesions in the liver dome:
"Trendelenburg position and introduction of saline
solution in the space between liver and diaphragm,
thus optimizing US acoustic window to target
CRLM;

(L) “Separating technique” for lesions adjacent to
abdominal viscera: after targeting the liver
metastases, a further 5 mm laparoscopic access is
required to separate target from viscera by using a
atraumatic grasping forceps;

(IIT) “Cooling technique” for the same case of type II, by
perfusing the space between liver and viscera to
preserve with cold saline solution during all the
procedure.

Moreover, LTA can be used in combination with surgery
especially as a first step of a two stage hepatectomy to treat
small nodule in the future remnant liver or to draw a sharp
transection line during the first phase of ALPPS, thus
providing either minimum adhesion formation thanks to
less aggressive procedure or bleeding after first stage due
to the pneumoperitoneum and perfect visibility of surgical
field due to magnification of high resolution view (35).
Moreover, advantages of LTA within TSH, were observed
in terms of lower hospital stay especially in the first
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stage (4 vs. 7.5 days, P<0.001) and earlier administration
of chemotherapy after second stage (1.6 vs. 2 months,
P=0.039) (36). This minimally invasive two stages surgical
(resection +/- thermal ablation) approach proved to
be feasible with a completion rate of 80% of cases and
effective thus optimizing timing for chemotherapy.
Nevertheless, either publications or experiences in the
laparoscopic approach to TSH have remained limited due
its complexity requiring a multidisciplinary team in expert
centers (37).

In 2016, Jiao firstly introduced LTA as a tool to increase
the future liver remnant, modifying ALPPS in RALPP, that
is radiofrequency assisted liver partition with portal vein
ligation (RALPP), where surgical portal vein ligation and
TA of the parenchyma is performed without splitting liver
parenchyma to limit complications related to ALPPS (38).

Hot topics beyond the type of TA approach in
patients with CRLMs

RFA vs. MWA, which system runs better

There are mainly two TA systems involved in the
treatment of CRLMs: RFA and MWA. Both of them apply
thermal injury to the tumor thus destroying it and the
narrowing tissue. Nevertheless, these two systems have
been introduced by years, their application have not been
so widely diffused in the field of CRLMs compared to
HCC for many reasons. First of all, both under layer liver
and shape of tumor in CRLMs setting are quite different
thus conditioning a lower and less effective distribution of
thermic wave due to lack of “oven effect” (39). This theory
initially described by Liu ez 4/. is based on the fact cirrhotic
parenchyma works as a refractive tissue that focus energy
thus allowing higher temperatures and more homogeneous
ablation areas (39,40). The normal liver parenchyma is
generally smooth and the metastases not capsulated, thus
heat diffusion within the tumor is less homogeneous
and effective compared to HCC in cirrhotic liver (39).
Nevertheless, this intrinsic limit, both technologies of TA
have been shown to be effective in the treatment of patients
with small CRLMs. Either laparoscopic needle of RFA or
antenna of MWA has different length ranging between 25
and 30 cm in order to reach under pneumoperitoneum,
distal and tricky located lesions for example ones abutting
the diaphragm. RFA uses a form of alternating electrical
current at a frequency of 400 MHz to generate thermal
energy via ionic agitation thus causing ovoid necrosis of
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the tissue next to the tip of the needle (23). MWA uses
electromagnetic waves to agitate water and generate heat
for tumor destruction using devices with frequencies greater
than 900 MHz (6).

Since its introduction in the late 90’s, RFA gained a high
diffusion worldwide to treat patients with small unresectable
CLRMs, due to its safety and easy reproducibility (41). The
introduction of microwaves technology in the last decade
drastically changed this paradigm, due to multiple MWA’s
advantages compared to RFA for the treatment of CRLMs,
as summarized below:

(I) Larger and more predictable, spherical and

homogenous area of necrosis (42);

(II) Higher intratumoral temperatures (43,44);

(IIT) Faster ablation times (43);

(IV) No “heat sink effect” (45);

(V) Major investments in technology.

Recent developments of new MWA technologies with
the employ of higher frequency bands (2,46), surface energy
control, and “cooled tip” antenna (technology consisted in
saline irrigation channels within the tip, developed also for
RFA), helped to obtain more homogenous, effective and
predictable heat effect.

For what concern perioperative results, it’s crucial to
underline there are bias due to data coming from often
not comparable papers where thermal ablation was used to
treat patients unfit for surgery or in combination with it.
Both systems (RFA and MWA) have been shown to be safe
thus showing low morbidity and mortality mildly in favor
of RFA, respectively 6-9% vs. 0-54% and 1 vs. 0-2%. By
comparing MWA to RFA, the former showed a lower LTR
rates vs. RFA (6% vs. 20%), while a worse 5-year OS rate
(18% wvs. 25-55%) (14,16,47).

The size of the target: which ideal cut-off

Among multiple parameters conditioning the choice of
TA, the size of the target constitutes the most important
issue, thus being directly responsible for recurrence within
the ablation area (LTR) (25). We’ll speak about maximum
acceptable diameter of the target by preferably using
MWA for its ability to create wider areas of necrosis. The
goal of liver MWA for CRLMs is to achieve an area of
necrosis overcoming both tumor and at least 10 mm rim of
surrounding liver parenchyma. The majority of patients (up
to 87%) usually received chemotherapy prior the thermal
ablation (48), and it has been described that rate of viable
micro-metastases surrounding the target varies widely,
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ranging from 31% to 70% (49). Wakai et al. evaluated
incidence and distribution of micrometastases surrounding
the target for patients submitted to liver resections with or
without neoadjuvant chemotherapy, showing distance from
the advancing border of the CRLMs to each intrahepatic
micrometastases ranged between 0.1 and 17 mm (median
2 mm) and in particular <10 mm in 98% of patients with
prior chemotherapy (49). Since several papers regarding
both TA or resection, reported the mean maximal ablation
diameter is 5.5 cm (25,50), and it’s widely accepted the
ablation zone ideally contains a rim of normal liver tissue
approximately 1 cm beyond a tumor in each dimension,
tumor 3 cm or less will be the ideal cut off of current
microwave technology (27,44,51). According to this crucial
issue, Benhaim in his series of 83 patients submitted to TA,
reported a higher UTR at 1-year, in group of patients with
<25 mm tumor size shrinkage after chemotherapy (before
chemo >25 mm), versus group with <25 mm up front (32%
vs. 16%, P<0.001) (52).

Nielsen reported LTR following TA of CRLMs in
39 out of 128 patients (30.4%), and this percentage was
directly related on target’s size: 0-3 cm, 9%, 3-5 cm
(26.5%), and >5 cm; 45% (44). In a recent series of sixty-
one consecutive patients affected by CRLMs submitted
to TA via either open or laparoscopic approach, LTR
occurred in 11% of lesions <20 mm vs. 50% >20 mm
(P=0.009) (7). Alksoy reported LTR in 118 patients (47%)
out of 225 submitted to laparoscopic thermal ablation for
CRLMs with a dominant tumor size of 29 mm (range,
7-65 mm) (53). Tumor size and ablation margin resulted
independent predictors of LTR: nodules >5 ¢cm had twice
the risk of LT'R vs. those <3 cm and nodules ablated with
a <l-cm margin had a 1.9-fold increased risk of TR wvs.
tumors with a >2-cm margin (53). Moreover, Mulier ez al.
in his recent review including 5,224 CRLMs submitted to
TA, reported a huge variation of LTR rate (range 2-60%),
thus showing a significant advantage in term of LTR for
small size (P<0.001) and laparoscopic vs. percutaneous
approach (P<0.001) (25,54).

Ablation therapies vs. surgical resection, is it always an
impair match?

What does it mean to compare TA vs. resection? In order,
not to match apples to pears, we have to know that until
now, there has been only one RCT comparing RFA to
surgery for CRLMs in the same setting (14), while most of
the reported studies in literature are nonrandomized and
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retrospective papers including following scenarios (55-57):
(I) TA for unresectable CRLMs vs. resection
(1,13,18,21,48,58-64);

(II) TA for resectable CRLLMs vs. resection (7,14-17);

() TA for resectable CRLLMs vs. resection when TA
unfeasible (16);

(IV) TA plus resection in almost unresectable patients
vs. resection (10-13,39);

(V) TA plus resection in one stage hepatectomy (T'SH)
for bilobar CRLMs vs. TSH without TA (65).

At regards a recent systematic review and meta-analysis
based on 22 studies concerning patients submitted to
TA vs. surgery for CRLMs (55) showed no difference in
terms of 30-day mortality among procedures, but a worse
performance of TA for what concern LTR, 5-year survival
and DFS rate. Nevertheless, authors underlined these results
were limited to the iniquity of baseline line of comparative
group, thus as a matter of fact, in most papers currently
available in literature, the patients submitted to TA were
unresectable and had a worse clinicopathologic features than
resectable patients undergoing liver resection (extrahepatic
disease, higher tumor burden and more comorbidities).

Anyway, there are seventeen studies comparing TA vs.
surgery in resectable patients with CRLMs, of whom 3 via
laparoscopic approach (15,18,48) (Tuble I). Thirteen out
of those (76.5%), considered TA when surgical approach
was unfeasible for technical reasons, comorbidities, patient
decision or intraoperative findings (1,13,18,21,48,57-64),
thus is easily predictable the superiority of resection arm
over TA especially in terms of ITR. Minor gap has been
reported about overall survival rate for several reasons:

(I) Different tumor biologic profiles;

(II) Multiple lines of chemotherapy;

(III) Chance of re-treatment.

There are only four papers concerning TA versus
resection for resectable CRLMs, of whom three retrospective
observational studies and only one randomized prospective
series, dating back to 2000 (9,14,16,17). Among three
observational studies, only Van de Geest used propensity
match score to reduce influence of known covariates such
as age, comorbidities, and tumor features (17). In these
retrospective papers, majority of patients had multiple lesions,
with mean target diameter of 3 cm, and it was confirmed a
higher rate of UTR in TA wvs. resection group respectively
of 24% wvs. 13% (P=0.73) (17), 32% vs. 4% (P<0.001) (16)
and 16% vs. 2% (15). Shibata in his prospective series on
30 patients randomized submitted to TA (n=14) vs. resection
(n=16) for resectable multiple CRLMs, with median target
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Table 1 Data synthesis chart: TA alone versus resection for patients with CRLMs

Author Ye?r o.f Study PatCieF:]ESM\;Vith Type of - Criteria A/Lefc’icfr:c?:ze LTR: TA vs. P value S_YI'ia;so. > P value
publication (LAT/RES) approach for LAT for TA (cm) RES (%) RES (%)

Van de Geest (17) 2022  RO,PSM 72 (36/36) 0 R 2.5 24vs.13 073  42vs. 53 0.09
Huang (57) 2021 RO, PSM 184 (98/86) O UR NR NR NR 445vs.50.8 0.943
Hof (61) 2016 RO 362 (101/261) e} UR 2.2 26.9 vs. NR NR 53 vs. 51.9 0.979
Jasarovic (64) 2014 RO 140 (46/94) e} UR 3.8 34vs.12.8 0.026 NR NR
Aliyev (18) 2013 RO 104 (44/60) L UR 2.3 18vs.4  0.012 47/57 0.464
Agcaouglu (48) 2013 RO 389 (94/295) L UR 3.4 45vs. 9 NR 17/58 0.001
Kim (59) 2011 RO 455 (177/278) e} UR 21 NR NR  51.2vs. 51.1 0.96
Lee (21) 2011 RO 53 (28/25) e} UR 2.05 429vs.8 0.004 24vs. 41* 0.017
Hur (58) 2009 RO 67 (25/42) e} UR 25 28vs.9.5 0.085 25.5vs.50.1 0.0263
Otto (16) 2010 RO 110 (28/82) o} R 3 32vs. 4 <0.001  48vs. 51 0.961
McKay (63) 2009 RO 101 (43/58) o} UR 3 60vs. 7 <0.0005 23vs. 43 0.02
Gleisner (13) 2008 RO 203 (11/192) e} UR 3 413vs.2 <0.001 72.7vs. 741 0.50
Berber (15) 2008 RO 158 (68/90) L R 3.7 16vs. 2 NR 30 vs. 40 0.35
Aloia (62) 2006 RO 180 (30/150) (0] UR 3 37vs. 5 <0.001 27 vs. 71 <0.001
Abdalla (1) 2004 RO 247 (57/190) o} UR 25 9vs. 2 0.02 21vs. 58  <0.0001
Oshovo (60) 2003 RO 45 (25/20) e} UR 3 NR NR 52.6vs. 554 NR
Shibata (14) 2000 RPT 30 (14/16) e} R 2.7 NR 14 vs. 23** 0.083

*, 4-year survival; **, 3-year survival. TA, thermal ablation; CRLMs, colorectal liver metastases; RES, resection; OS, overall survival; RO,
retrospective observational; RPT, randomized prospective trial; PSM, propensity score matching; LTR, local tumor recurrence; O, open; L,

laparoscopic; R, resectable; UR, unresectable; NR, not reported.

diameter of 2.7 cm, suggested TA to be equally effective as
hepatic resection in terms of 1-, 2- and 3-year survival rates
(14% vs. 23%, P=0.003) (14).

In conclusion, many studies definitively reported that
hepatectomy plus TA for otherwise unresectable patients
can achieve OS and hepatic recurrence free survival that is
similar to the hepatectomy alone in terms of effectiveness
and safety (56).

On the contrary, in the setting of resectable CRLMs,
actually high evidence based studies matching TA and liver
surgery for CRLMa are still lacking. At regards, a recently
published a phase III single-blind prospective randomized
controlled trial, called “COLLISION”, has been drawn
to prove non-inferiority of thermal ablation compared
to liver resection in patients with resectable <3 cm
CRLMs (8). The whole duration of the study, began in
2017, will be 13 years, with an inclusion time of 3 years
and a follow up of 3 years. Until then, to current-day,
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it should be unethical to consider TA as curative option
rather than surgery when feasible therefore, the highest
achievable evidence level for unresectable CRLM seems to
be reached for the time being (66).

Conclusions

LTA is an effective and safe procedure alone or in
combination with surgery for the treatment of CRLMs.
Randomized prospective studies comparing TA vs. resection
for patients affected by resectable CRLMs are requested
to define the role of local ablative therapies in this crucial
setting, but for the moment, TA seems to remains adjuvant
to surgery.
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