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Abstract
During the last two decades, various local thermal 
ablative techniques for the treatment of unresectable 
hepatocellular carcinoma (HCC) have been developed. 
According to internationally endorsed guidelines, percu-
taneous thermal ablation is the mainstay of treatment 
in patients with small HCC who are not candidates for 
surgical resection or transplantation. Laser ablation (LA) 
represents one of currently available loco-ablative tech-
niques. In this article, the general principles, technique, 
image guidance, and patient selection are reported. 
Primary effectiveness, long-term outcome, and compli-
cations are also discussed. A review of published data 
suggests that LA is equivalent to the more popular and 
widespread radiofrequency ablation in both local tumor 
control and long-term outcome in the percutaneous 
treatment of early HCC. In addition, the LA technique 
using multiple thin laser fibres allows improved abla-
tive effectiveness in HCCs greater than 3 cm. Reference 
centres should be equipped with all the available tech-
niques so as to be able to use the best and the most 
suitable procedure for each type of lesion for each pa-
tient.
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Core tip: The aim of this review is to describe the basic 
principles, results in terms of safety and efficacy, and 
recent advancements in laser ablation (LA). This mini-in-
vasive technique is a less known and few employed pro-
cedure as compared to radiofrequency ablation (RFA). 
However, according to published studies LA is as safe 
and effective as RFA. In the review the technique and 
potential advantages of LA are described. Our ambition 
is to provide the hepatologists, and other physicians, 
with an updated approach to this ablative technique.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a global health prob-
lem, ranking as the sixth most common malignancy and 
the third most frequent cause of  cancer-related death 
worldwide[1-3]. Its incidence is rising, mostly due to the 
diffusion of  hepatitis B or C virus infection, alcohol-
related cirrhosis, and nonalcoholic steatohepatitis[2,4]. 
Its incidence increases with advancing age and is more 
common in males[5,6]. Thanks to semiannual surveillance 
of  the high-risk population by ultrasound and alpha-
feto protein, HCC is increasingly detected at early stage, 
when curative treatments can be employed[3,4,7,8]. Resec-
tion is the mainstay of  treatment for patients with HCC 
solitary tumours, preserved liver function, or mild portal 
hypertension not suitable for liver transplantation (LT)[9-11], 
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the latter being the only cure of  both HCC and underly-
ing cirrhosis[12]. However, resection may be associated 
with significant morbidity as well as tumour recurrence, 
which occurs in about 70% of  patients at 5 years[13-17]. 
When surgery is unfeasible, percutaneous or laparoscopic 
tumour ablation is the most widely used treatment that 
can achieve the complete local control of  the disease in 
properly selected candidates[4,18,19]. This procedure is also 
cost-effective as compared to surgical treatments because 
it destroys only a minimal amount of  liver parenchyma 
whilst reducing the number of  hospitalizations[18,20,21]. 
Among the available local ablative techniques, laser abla-
tion (LA) is a less investigated and little-used treatment. 
Our ambition is to provide hepatologists and other physi-
cians with an updated approach to this ablative technique.

GENERAL PRINCIPLES 
Laser source
In 1983, Bown[22] described for the first time the use of  
laser light to ablate liver tumours. Laser devices trans-
form electrical energy into light energy, which interacts 
with tissue to produce heat and cause cell death[23]. Laser 
light can be delivered precisely and predictably into any 
location of  the liver. Laser is an acronym for “light am-
plification by stimulated emission of  radiation”, a princi-
ple based on the spontaneous emission of  characteristic 
photons by excited atoms. Because laser light is coherent 
and monochromatic, it can be highly collimated and fo-
cused and large amounts of  energy can be transmitted 
over long distances without significant losses. The light 
produced is of  a specific wavelength and defines the 
properties of  the laser system and the extent of  tissue 
penetration. Due to the optimal penetration of  light in 
the near-infrared spectrum, neodymium-doped yttrium 
aluminium garnet (Nd:YAG) lasers with a wavelength of  
1064 nm and diode with a wavelength of  800-980 nm are 
preferred for percutaneous LA[24]. The optical (scattering, 
reflections, and absorption), thermal (conductivity and 
thermal storage), and blood flow characteristic of  the 
tissue govern thermal diffusion processes and define the 
temperature map within the laser-exposed area[25]. The 
extent and completeness of  tumour necrosis depends 
on a balance between the power applied and tissue char-
ring[26].

Laser transmission
Laser light is transmitted from the source to the patient 
through flexible optic fibres that have specially designed 
diffuser tips. An important role is played by the shape, 
size, and design of  the fibre[27-29]. The most common 
types of  fibre currently used are the bare-tip[30,31] and 
cylindrical diffusing quartz fibres[29]. For the ablation of  
large masses or multiple tumours located at different sites, 
beam-splitting devices allowing the simultaneous delivery 
of  light into multiple fibres can be used[24,32,33]. Multi-fibre 
systems have a synergistic effect by reduced heat dissipa-
tion between fibres[24,32]. The use of  water-cooled laser 
application sheaths allows operating at higher powers and 

makes large lesions faster. Lesion diameter approaches 5-8 
cm[33-35] with minimal charring and carbonization[26,29,36-41]. 
Because there is no destruction of  the fibre, multiple ap-
plications are generally quite easy and longer lesions can 
be generated by simply pulling the fibre back in the appli-
cator or advancing it forward. 

Role of imaging guidance
The ablation procedure is performed under conscious 
sedation and local anaesthesia. Real-time ultrasound (US), 
computed tomography (CT), or magnetic resonance im-
aging (MRI) are employed to guide either one or multiple 
thin needle-fibres[42,43] or a coaxial guide needle through 
tissue and into lesion[44,45]. Most patients are treated as 
day-cases in outpatient clinics. The number of  treat-
ment sessions varies according to the size and number 
of  lesions. Follow-up evaluations are performed within 
24 to 48 h or within 4 wk from procedure, and then at 
3 to 6 mo intervals as is usual with other thermal tech-
niques[42,44]. 

US is used for targeting and monitoring during the 
procedure, while CT is mainly used for post-treatment 
assessment. Heated tissue becomes hyperechoic because 
of  water loss; this is most pronounced when there is 
tissue charring[46,47], particularly evident when using un-
cooled devices as in the laser technique with thin needle-
fibres[31,42]. As it is well known, the main disadvantage of  
US guidance is that it is not suitable to accurately evaluate 
the temperature or the size of  the ablative zone being 
created[47,48]. Otherwise, the contrast-enhanced US is use-
ful to detect residual disease during procedure[49,50]. 

Real-time CT is unreliable for the detection of  the 
early signs of  laser-induced tissue injury. However, con-
trast enhanced CT 24 h after the procedure identifies 
coagulation zone as a not perfused area and correlates 
precisely with histology. The main role is the detection of  
residual or recurrent tumour following LA. Within a few 
days from treatment, the edges of  ablation zone become 
indistinct due to inflammatory changes. During follow-
up, local recurrences are easily visualized as contrast-
enhancing foci adjacent to the necrotic area[30,51-53]. 

In contrast, MRI performed during LA allows the 
monitorization of  the actual size and temperature of  the 
ablation zone. MRI is the most accurate method for plan-
ning, monitoring, controlling, and assessing laser-induced 
coagulative necrosis[54-56]. LA power settings and session-
treatment durations can be adjusted to obtain appropriate 
temperature elevations beyond tumour margins, thereby 
achieving a sufficient safety margin of  necrosis. MRI is 
well suited to detecting residual undamaged tissue or lo-
cal recurrence in the transition area[57]. This procedure is 
mainly used in combination with the high power water-
cooled laser systems so that the treatment can be per-
formed safely and with a better control of  the extent of  
the ablated area[40,58]. MRI images can be acquired in near 
real time in any arbitrary plane. This has advantages in 
optimal planning of  the procedure and in more accurate-
ly targeting the treatment volume and avoiding damages 
to critical structures[59]. After treatment delivery, changes 
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in parameters such as tissue perfusion or diffusion may 
be used in addition to routine relaxation mechanisms (T1 
and T2 weighting) to visualize the extent of  ablation. 
Thus, because modern LA delivery aims to generate 
lesions rapidly in tissue that has many connective heat 
sinks and critical structures (such as brain and prostate), 
the ability to visualize and often quantify tissue tem-
perature changes can be crucial feedback to the safety, 
efficacy, and overall outcomes of  the thermal proce-
dures[24,59,60].

Indications 
According to the procedure used and the accessible fa-
cilities, selection criteria vary among centers[31,42,44,53,61-65] 
being established on size, number, and site of  HCC in 
patients who are considered not good candidates for 
resection or liver transplantation. Although lesions of  
up to 6 cm have been treated[43], patients eligible for LA 
are those whose tumours are in accordance with the 
Milan criteria, irrespective of  their location[66-68]. In fact, 
cancers located near major vessels, bile ducts, bowel, or 
diaphragm can be ablated with caution with RFA[69] but 
they can be more safely treated both with MRI-guided 
technique[44] and, more easily, with very thin devices with 
a calibre of  0.7 mm (21 gauge)[42,43,53,65-68]. MRI-guided 
technique allows confident ablation of  high-risk located 
lesions using the real time thermometry and multiplanar 
MRI targeting[44,58,61,63]. 

Effectiveness and outcome data
Several retrospective cohort studies have shown that 
LA is a safe and feasible procedure for the treatment of  
HCC[31,42-44,53,61-68]. Using multiple bare fibres introduced 
through 21-gauge needles positioned under US-guidance, 
the reported complete response rate ranges from 82% to 
97%[66-68]. In lesions in high-risk sites, complete response 
is 95.5%[65]. In patients with monofocal HCC ≤ 4 cm or 
three nodules ≤ 3 cm each, reported cumulative survival 
rates at 3 and at 5 years range from 52% to 68% and 
from 15% to 34%, respectively[53,66-68]. Tumor size, tumor 
location, and complete ablation were the main factors af-
fecting the outcomes. In a multicenter study, Child’s class 
A patients had a 5-year cumulative survival of  41%; the 
median survival time was 65 and 68 mo in patients with 
tumor size ≤ 3 cm and ≤ 2 cm, respectively. The au-
thors stated that the ideal candidates for LA are younger 
patients with serum albumin within the normal range 
and a tumor size ≤ 2 cm in whom it is very likely that 
complete ablation will be achieved. The median time to 
recurrence was 24 mo and the median disease-free sur-
vival time was 26 mo[68]. Like RFA and microwaves abla-
tion (MWA), LA resulted safe and effective also in the 
treatment of  cirrhotic patients awaiting liver transplanta-
tion[70].

Promising results have been reported with the use of  
water-cooled higher power MRI-guided LA. A very low 
local recurrence rate and a complete response rate reach-
ing up to 98% in nodules ≤ 5 cm has been achieved 

with this technique[44,61]. In a study on 39 patients with 61 
HCCs a complete ablation rate of  98% and a mean sur-
vival rate of  4.4 years were observed[61]. More recently, the 
same authors confirmed the high percentage of  complete 
response in a cohort of  113 patients with 175 HCCs ≤ 
5 cm followed for a period of  over 15 years; 75% of  the 
lesions were located at high-risk sites and median survival 
was 3.5 years[44]. 

To date there is only one controlled study compar-
ing LA with RFA in treating a small cohort of  patients 
(81 cirrhotic patients with 95 biopsy-proven HCCs) with 
early stage HCC (nodule ≤ 4.0 cm or three nodules ≤ 
3.0 cm each). Thin multiple fibre technique to perform 
LA and single or cluster 17-gauge cool-tip electrodes for 
RFA were employed. The authors found LA and RFA to 
be equally effective; but fewer treatment sessions were 
needed in RFA group to achieve complete response. Nei-
ther significant differences in survival rates between the 
two methods nor significant complications were observed 
in both groups[71].

In a randomized prospective trial in a single centre 
with three years of  follow-up being evaluated for final 
publication, the authors treated 140 patients with 157 
biopsy-proven HCCs to compare LA and RFA (70 pa-
tients with 77 nodules and 70 patients with 80 nodules, 
respectively). Median follow up in RFA and LA groups 
was 21 and 22.5 mo, respectively. Complete response was 
observed in 97.2% and in 95.8% of  RFA and LA group 
patients, respectively. Median time to tumour recurrence 
was 25.6 and 37.8 mo in RFA and in LA groups, respec-
tively (P = 0.129). Estimated probability of  survival at 
1, 2, and 3 years was 94%, 88%, and 66% in RFA group 
and 94%, 81%, and 59% in LA group, respectively (P = 
0.693). No major complications or significant treatment-
related morbidity were observed in both groups. The au-
thors concluded that LA was non inferior to RFA either 
in obtaining the complete ablation of  HCC nodules or in 
long-term outcome[72]. 

Use in combination with other treatment 
Multi-ablation therapy consisting of  LA before trans-
arterial-chemo-embolization (TACE) has been effective 
in large HCCs with a mean diameter of  5.2 cm (range, 
3.1-9.6 cm)[73], with complete response achieved in 90% 
of  the large tumors. Fifteen additional synchronous small 
HCC ≤ 3 cm in 11 patients were completely ablated 
(100%) with LA alone. The survival rate was overall 40% 
at 3 years and 60% in Child class A patients. The 1-, 2-, 
and 3-year local recurrence rate for the main tumors was 
7% annually while the 1- and 2-year cancer-free survival 
rates were 74% and 34%, respectively. The rationale of  
this study was that LA reduces tumor volume within 
the range of  TACE effectiveness and at same time can 
achieve complete destruction of  large lesions with a low-
er number of  TACE sessions (in 70% of  patients only a 
single TACE session was done). Recently, the introduc-
tion in clinical practice of  a novel needle guide system 
makes it possible to achieve complete ablation of  nodules 
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prospective study patients with HCC nodules of  any 
size [387 (60%) small, 180 (28%) intermediate, and 74 
(11%) large] including 29 (5.9%) patients in Child’s class 
C and 72.1% of  patients with portal hypertension. Major 
complications were associated with excess energy deposi-
tion and high-risk nodule locations. Minor complications 
proved to be associated with excess energy, high bilirubin 
level, and low prothrombin time. The authors who use 
MRI-guidance and high-calibre water-cooled devices 
reported no major complications or cases of  mortality 
in 152 patients treated using large bore water-cooled de-
vices[44,61]. In these series, no case of  tumour seeding was 
observed.

Costs
Using multiple small-bore needles, the price of  each laser 
disposable kit including a needle and a fiber is about €300 
(US$ 400). Therefore, the cost of  a single LA session var-
ies in relation to the number of  devices used: one kit is 
required for nodules ≤ 1.0 cm; 2 kits for nodules ranging 
from 1.0 to 2.0 cm, and 4 kits for larger nodules (Figure 1). 
Treatment can be performed in outpatient surgery by an 
operator, a nurse, and an anaesthesiologist and requires 
about 30-45 min (from targeting to final US assessment). 

up to 5 cm in a single session in 91.7% of  cases without 
resorting to combined treatment[43]. All data reported 
above are summarized in Table 1. 

LA may also be combined with other modalities to 
achieve an increased volume of  tumor necrosis. Zou et al[74] 
demonstrated that combined therapy with PEI imme-
diately followed by LA resulted in a significantly larger 
volume of  coagulation zone with reduced residual tumor 
volume on rabbit VX2 liver tumors. These authors hy-
pothesized that tissue destruction by ethanol may have 
resulted in increased thermal conduction. In addition, the 
sclerosis and/or destruction induced on small vessels by 
PEI causes a reduction of  the heat-sink effect and thus 
an enhancement of  laser ablation effect. To date there are 
no clinical trials with this technique.  

Complications
Arienti et al[75] performed a multicenter study involving 
nine centers in Italy with 520 patients who underwent 
1064 nm laser sessions for 647 HCCs. Analyzing 90 fac-
tors for each record, including tumour characteristics, 
the authors reported a major complications rate of  1.5% 
(0.8% death rates) and a minor complications rate of  
6.2%. These authors enrolled in their retrospective and 

  Ref. Pts/Tumors  no Tumor size 
(cm) mean

Complete 
ablationa, %

Local 
recurrence 

rate, %

Overall 
survival % 

3-yr 
disease-

free 
survival %

Major 
complication 

rateb, %

Mortality 
rate, %

P value

3-yr 5-yr

  Giorgio et al[31] (2000) 77/85 ≤ 4.0c 82f   1.1 3.9d 1.3d

  Pacella et al[73] (2001) 30/30 > 5.0 90f (+ TACE) 7 40 0 0
30/15 ≤ 3.0 100f 0 0 0

Child-Pugh A 60 0.001
Child-Pugh B   0

  Pacella et al[66] (2001) 74/92 ≤ 4.0c 97f 6 68 15 0 0
Child-Pugh A 73 31 0.052

Child-Pugh B7,8,9 68   0
  Eichler et al[61] (2001) 39/61 ≤ 5.0e 97.5g 0 4.4 yr 0 0
  Pacella et al[42] (2005) 82/99  ≤ 4.0c 90.9f 8.8 1.5 0
  Francica et al[64] (2007) 148/169  ≤ 4.0c 82f 14.7 52 27 0.6 0.6

≤ 2.0 95f 5
≤ 3.0 89f 15
> 3.0 74f 26 0.001

Well-differentiated   ≤ 3.0 0 58
Poorly-differentiated 25 0.008

  Pacella et al[68] (2009)1 432/548 ≤ 4.0c  79.6f 202 61 34 1.6 0.2
≤ 2.0  85.1f 41

Child-Pugh A 63
Child-Pugh A ≤ 2.0 683

  Francica et al[53] (2012) 106/1164       ≤ 4.0c 92.2f 10.6 0.9 0.5 NS
58/66 ≤ 4.0c  95.5f

  Francica et al[65] (2012) 116/132 ≤ 4.0c  100f 18.0 57 29 0.0295

2.25

  Eichler et al[44] (2012) 113/175         ≤ 5.0e 98g 1.1 54 30 0 0
  Di Costanzo et al[43] (2013) 104/116 ≤ 6.0 87.6f 16

≤ 5.0 91.7f

  Di Costanzo et al[72] (2013)6 70/80 (LA) ≤ 5.06 96.3f 23.9 66 42 0 0
70/77 ≤ 5.06 97.4f 25.7 59 43 0 0 0.693

Table 1  Studies reporting the outcome  of Laser Ablation for small hepatocellular carcinoma

aCalculated per tumor; bCalculated per patient; cSingle tumor ≤ 4 cm or ≤ 3 nodules each ≤ 3 cm; dIn patients with Child-Pugh C; eSingle tumor ≤ 5 cm 
or multiple ≤ 5; fWith bare fibers; gWith water-cooled fibers; 1Multicentric retrospective study; 2Local and distant; 3In pts Child-Pugh class A well-differen-
tiated tumor; 4At risk site; 5Only if the ablative margin was ≥ 7.5 mm; 6RCT with Milan criteria; 7,8,9Refers to  the Child-Pugh class. NA: Not available; NS: 
Nonsignificant; CR: Complete response.
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TRANSLATING ALL THE 
AFOREMENTIONED INTO CLINICAL 
PRACTICE: TOWARDS A 
PATIENT-TAILORED APPROACH
Before commenting on the role that laser technology 
plays in percutaneous ablation of  HCC, we should briefly 
summarize the recommended indications commonly ac-
cepted by the scientific community so far. On the basis 
of  published data, RFA is now the first-line ablative tech-
nique whenever possible[76-81]. PEI has less local control 
effectiveness but still has a role in achieving complete re-
sponse when the residual untreated viable tissue is mini-
mal or when location at risk-sites implies serious adverse 
events or severe complications[82-85]. For solitary HCC ≤ 
2 cm, RFA should be considered the first-line treatment 
for its lower mortality and morbidity, shorter hospitaliza-
tion, and lower costs (compared to surgery), and should 
be preferred to PEI due to its greater effectiveness and 
predictability of  treatment results[86]. Survival outcomes 
of  patients with HCC < 3 cm treated by percutaneous 
approach are competitive with those of  surgery. How-
ever, a careful multidisciplinary evaluation of  the age 
and comorbidities of  the patients and of  the location of  
these tumours is needed[82,84]. In HCC > 3 cm resection 
or combined treatment (TACE + RFA or PEI) has been 
suggested to improve survival[87,88], but available stud-
ies do not yet provide useful conclusions as the enroll-
ment criteria of  patients was too stringent[88]. Studies are 
needed to define which population can benefit from the 
combined treatments. 

As RFA effectiveness is size-dependent, to obtain 
complete necrosis the upper limits must not exceed 2.5-3.0 
cm[89,90]. To overcome this limitation and obtain larger 
volumes of  necrosis, a variety of  devices[91,92] of  differ-
ent shapes and designs[93,94] used either with different 
algorithms[95] or activated in different modes (consecu-
tive, simultaneous, or switching) has been developed[96-98]. 
In the treatment of  large HCC (≥ 5 cm), conventional 

RFA is limited mainly by incomplete ablation, with re-
ported complete ablation rate of  74% after single session 
in lesions between 3 and 5 cm and of  62% in tumours 
> 5 cm after multiple sessions[99]. Using three internally 
cooled bipolar electrodes complete, ablation rates was 
81% in patients with large HCC[100]. 

Therefore, multiple heat sources are needed to obtain 
large volumes of  necrosis; the laser technique with multi-
ple thin needle fibres and simultaneous approach[42] satis-
fies this need. Indeed, LA obtains interesting results with 
thin, very simple devices that are much less sophisticated 
and less expensive than those used by RFA. According 
to the size and shape of  the lesions, one to four fibers 
are used. Two laser fibers for nodules ≤ 2.0 cm and four 
fibers with tips arranged in a square configuration for lar-
ger nodules are used. For a single illumination, laser light 
is employed for 4-6 min. For nodules > 3.0 cm, multiple 
illuminations and the pullback technique are employed. 
The introduction of  the novel needle guide has made it 
possible to obtain a complete ablation of  lesions up to 5 
cm[43]. No specific methods are used for treating lesions 
in high-risk (i.e., near gallbladder, main biliary duct, he-
patic hilum, adjacent hollow viscera, or exophytic loca-
tion) and/or hard-to-reach locations (e.g., in the dome 
of  the liver, in the caudate lobe)[42,43,65]. Additionally, this 
technique makes it is relatively easy to obtain a safety 
margin ≥ 5 mm in a higher percentage of  cases (62%)[53] 
than that reported by other authors with RFA[101-105]. Fur-
thermore, thin devices makes it possible to treat multiple 
lesions of  the liver of  different sizes and in different 
locations in the same LA session without increasing the 
complications rate[43]. Therefore, it is possible to custom-
ize the ablative treatment according to the size and loca-
tion of  the lesion to be treated. Laser techniques can be 
used effectively in patients with very early and early HCC 
(BCLC 0 and A) because of  their high percentage of  
complete response. The reported local effectiveness and 
long-term outcomes obtained with LA are comparable with 
those of  RFA. Specifically, in the subgroup of  Child’s class 
A cirrhotic patients with lesions ≤ 2 cm (BCLC 0-A) 

A B

Figure 1  Representative case of complete ablation of large nodule with multi-fibre technique. A: Computed tomography (CT) scan before laser ablation (LA)  
session shows a nodular lesion 6 cm in maximum diameter (hepatocellular carcinoma moderately differentiated) localized in the S6 with exophytic growth (exophytic 
component > 40%); B: CT scan performed 4 wk after LA procedure shows complete necrosis of the tumor. Four illuminations were performed using the pullback tech-
nique and the treatment lasted 24 min. The procedure was well tolerated and the patient was discharged from the hospital 24 h after the procedure. The only side ef-
fects were mild pain and self-limiting fever lasting for 7 d.
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without contraindications to surgery treated by LA, 5-year 
survival was equivalent to that of  RFA[68,78] as reported 
above. Finally, thanks to thin needles and to the more ef-
fective tumoricidal action of  heat compared to ethanol, 
we believe that this technique could replace PEI in the 
treatment of  nodules at high-risk sites when RFA is not 
technically feasible, as has been recommended by some 
authors[106].

As for the water-cooled laser applicators, it must be 
emphasized that their main advantage is their MRI com-
patibility, which allows pre-procedure planning and intra-
procedure treatment monitoring using a variety of  tem-
perature-sensitive techniques[107,108]. The Frankfurt group 
has provided compelling long-term survival data in pa-
tients treated with this method for the ablation of  hepatic 
metastases[109] and has recently published two papers on 
primary liver lesions in cirrhotic patients with a high per-
centage of  complete response and low local recurrence[44] 
(Table 1). However, to achieve these excellent results, the 
authors used a large cross-sectional probe diameter (3 
mm) that requires large bore cannula (9 gauge) for per-
cutaneous treatment. In addition, the diffusion of  MRI-
guided LA is restricted by machine availability and by 
complexity of  the procedure, requiring between 60 and 
120 min to be completed[110,111]. New MRI-compatible 
applicators permit the execution of  the whole procedure 
within the MR suite, reducing the procedural time and 
increasing technical effectiveness[112]. However, we think 
that although interventional MRI guidance is undoubt-

edly more accurate than US for monitoring ablation, its 
use would greatly limit the number of  centers capable 
of  performing tumor ablation, with ablation procedures 
being relegated to only those facilities with such special-
ized equipment. Thus, given that US is readily available, 
its use has proven to be successful on a practical level 
in these last 20 years, compared to the potential benefits 
of  less available technologies. In short, these data show 
that touted advantages of  a particular system do not have 
equal weight in the clinical scenario. Last but not least, we 
must add the costs of  this option to its overall complexity. 

A new ablation laser system consisting of  980-nm 
diode laser with a power of  15-W and diffuser-tipped op-
tical fiber inserted through a 17-gauge internally cooled 
catheter was recently introduced in field practice. This 
system achieves a large, well-circumscribed ellipsoid abla-
tion zone up to 2.0 cm × 2.3 cm in a single application 
lasting about three minutes, and up to 3.7 cm × 3.2 cm 
with two parallel applicators placed 1.5 cm apart[60]. Due 
to its characteristics, this system has been applied thus 
far to focal malignant lesions of  the prostate and the 
brain[24,59]; research and clinical applications on hepatic 
focal lesions are underway (oral communication). There-
fore, the limitations of  the previous system, which used 
high-calibre devices, can be overcome by this technical 
solution. Further, the execution time of  the entire ma-
noeuvre can be shortened significantly by using real-time 
RM guidance. 

Again, ex vivo and in vivo studies are underway (unpub-

A B

C D

Figure 2  Representative case of complete ablation of hepatocellular carcinoma of 5 cm with combined treatment (laser ablation followed by trans-arterial-
chemo-embolization). A: Computed tomography (CT) scan before Laser ablation (LA) shows a lesion 5 cm in diameter beneath the capsule in S8 during arterial 
phase; B: CT scan after LA shows an area of necrosis larger than basal lesion with small viable foci (white arrowhead) within the zone of coagulation; C: CT scan 
shows compact retention of iodized oil in the residual viable tissue (black arrowheads) after trans-arterial-chemo-embolization (TACE) session; D: CT scan shows 
marked volume reduction of treated area and clear shrinkage of viable tissue (black arrowhead) 6 mo after the combined procedure.
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lished data) using diffuser-tipped optical fiber that can be 
placed in the target area through flexible internally cooled 
catheter under US guidance. It is possible to produce 
areas of  necrosis of  about 3.5 cm × 3.0 cm× 3.0 cm in 
diameter in about 20 min. If  these data are confirmed by 
clinical studies, we will have made good use of  the advan-
tages of  US guidance in combination with those deriving 
from a caliber similar to that of  RFA- and MWA-cooled 
electrode. Therefore, with laser technical improvements 
such as the new small cylindrical diffuser[60] or the novel 
needle guide system[43], it possible to employ an array of  
applicators to increase the ablation zone without increas-
ing invasiveness, procedural complexity, times of  ablation, 
or costs. In clinical practice, a trade-off  must be made 
between these multiple factors and the operator’s skill, the 
available technology, and the biology of  the tumor.

While the reported outcome data with combined 
treatment (LA plus TACE) are interesting, they were ob-
tained with a technique that is the opposite[73] of  what is 
commonly used in referral centers. When surgery is un-
feasible, a combined/sequential approach (PEI plus RFA, 
TACE plus PEI, RFA or MW) should be considered 
on an individual basis for multinodular nodules and for 
nodules > 3 cm, after multidisciplinary evaluation[85]. Re-
cently, a meta-analysis of  RFA following TACE reported 
no significant difference in survival rates between RFA 
plus TACE and RFA for small HCC. On the contrary, 
this sequential treatment improved overall survival rate in 
patients with intermediate and large HCC[113]. Therefore, 
the main indication of  combined therapies is for lesions 
> 3 cm and < 8 cm. Both the PEI and TACE with dif-
ferent mechanism cause a reduction of  the blood flow 
through the tumor, thereby facilitating a larger ablation 
zone. 

LA before TACE, instead, reduces the tumor burden 
and brings the lesion back within the range of  TACE 
effectiveness. In other words, LA results in a minimal 
amount of  tumor tissue, which can be destroyed with 
selective TACE using a lesser amount of  embolizing ma-
terial (Figure 2). Because it is possible to destroy lesions 
up to 5-6 cm with laser technique (Figure 1) we think 
that this combined method might be effective in treating 
lesions larger than 6 cm both in cirrhotic patients and in 
non-cirrhotic patients, thereby avoiding surgery, as cur-
rently suggested by some authors[114].

The safety of  the procedure was investigated in a 
multicenter study sufficiently representative both of  the 
type and of  the number of  possible complications when 
using either multiple thin needles[75] or large water-cooled 
devices[44]. The data reported above compare favourably 
with those of  the tested and much more widely used 
RFA technique and with those of  the MWA technique. 
The mortality rates of  RFA range from 0% to 1.5% of  
cases and major complications from 1.5% to 5.8% of  
cases[69,115-118]. The mortality and major complications 
rates of  MWA have been reported as 0% to 5.1% and 
2.6% to 5.1%, respectively[119-122]. 

Finally, a few words regarding the MWA technique: 
its safety profile appears good, but there is still no con-

firmation on large series of  cirrhotic patients. In the only 
comparative study with RFA, MWA showed comparable 
therapeutic efficacy and complications rates than RFA, 
but required more treatment sessions. Furthermore, ad-
equate clinical data are lacking[123].

CONCLUSION
Given that there is not a single method available that 
meets all the requirements of  an ideal ablation system, 
based on what has been discussed above and on data 
from the vast literature available, we can reasonably 
draw some conclusions: (1) the differences between the 
techniques in terms of  the results are modest; (2) one 
technique may be more difficult than another and more 
rapid than another. In other words, there are differences 
in the ease and duration of  the various procedures; and (3) 
while some energy sources may be better suited to certain 
applications, none has proven suitable for all applications. 
The laser technique developed in the United Kingdom has 
been used in the last two decades mainly in German and 
in Italy but has not been commercialized and sponsored 
in the rest of  the world[124,125]. We hope that in the future 
a greater availability of  the applicators will facilitate their 
use in clinical practice. The technique has been sufficiently 
tested and the recent RCT trial should validate it. The fine 
needle technique offers maximum flexibility, thereby al-
lowing a tailored approach to the characteristics of  each 
nodule in any location of  each patient. More in general, 
we think that the reference centres that treat more than 
50 patients/year should be equipped with all the available 
techniques so as to be able to use the best and the most 
suitable for each type of  lesion for each patient.
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