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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cancer
worldwide and is a highly malignant tumour with a fatal outcome.1

In about 80% of patients, HCC is associated with underlying
chronic liver disease, which has major implications for the
prognosis and therapeutic options.2 The Barcelona Clinic Liver
Cancer (BCLC) classification links the stage of HCC with treatment
modalities,3 and suggests that patients with early HCC are suitable
for curative treatment.

The curative treatment options include surgical resection, liver
transplantation and percutaneous ablation. The 5-year survival
rate for resection or transplantation is up to 70% in selected
patients.4 Surgical resection is the treatment of choice for HCC in
non-cirrhotic patients and offers a realistic chance of cure. Since
the majority of patients with HCC have underlying cirrhosis, a
large proportion of them are unsuitable for curative resection
because of factors such as poor hepatic reserve, multicentric
tumours, extrahepatic disease, early vascular invasion and
associated co-morbid conditions.5,6 Moreover, in about 70% of
patients undergoing curative resection, new tumours may arise in
the cirrhotic liver that remains.7

Liver transplantation is regarded as the optimal curative
treatment for HCC as it has the dual benefit of simultaneously
removing the tumour as well as the underlying diseased liver.
However, the procedure has many limitations, such as the possibility
of recurrence in the grafted liver and shortage of organs.8 Moreover,
this treatment modality is out of reach for most patients in
developing countries where this therapeutic option is available as
liver transplantation services are very few and unaffordable.

Percutaneous ablation is currently considered the best
therapeutic modality for patients with early-stage HCC who are
not candidates for surgical intervention.9 Over the past few
decades, several techniques of percutaneous local ablation (PLA)
have been developed for the treatment of small HCCs. From the
use of chemical ablation to the technology of radiofrequency
ablation (RFA), microwave ablation (MWA), laser and
cryoablation, PLA is undergoing continuous refinement and has
an established role in the management of HCC. We focus on the

commonly used ablative methods, the techniques involved, their
complications, the local outcome and survival rates.

PLA is a simple procedure which is minimally invasive since
it targets the tumour and preserves the uninvolved liver parenchyma.
It, therefore, does not have the morbidity and mortality associated
with liver surgery. Systemic side-effects also do not occur. These
procedures require a minimal hospital stay and are cost-effective
compared with surgery. They should be recommended in patients
with early-stage HCC who are not candidates for surgery. PLA is
also being used as a temporizing treatment for patients awaiting
liver transplant.

Ideal patients for ablation are those in the BCLC A and B stages
with Child–Pugh class A/B cirrhosis, a WHO performance status10

of 0–1, tumour <5 cm (ideal <3 cm), focal nodular lesion, solitary
or multiple lesions (<3) without vascular invasion and extrahepatic
disease. Contraindications include the presence of extrahepatic
metastatic disease, sepsis, severe debilitation, Child–Pugh class C
cirrhosis and uncorrectable coagulopathy. Lesions with <1 cm of
hepatic parenchyma around or abutting the gallbladder, liver
hilum and along the liver surface are relative contraindications
and are associated with a higher risk of complications. Ablations
in such cases can be considered with caution, using special
procedures, and require skilled hands.

PLA is usually done under real-time ultrasound guidance,
using local anaesthesia. Rarely, CT guidance is required if either
the tumour is not localized on US or a proper acoustic window is
not available to visualize the tumour.

The commonly used percutaneous techniques include
intralesional injections of chemical agents that kill tumour cells
or the application of an energy source that can cause thermal
ablation (such as RFA and MWA) and cryotherapy (Table I).

CHEMICAL ABLATION
Percutaneous ethanol injection (PEI)

Percutaneous ethanol injection (PEI), the commonest chemical
ablation, is the best established technique for ablation of small
HCCs.11 Despite the emergence of newer technologies such as
RFA, cryoablation and laser ablation, PEI retains its relevance
because it is inexpensive and can be done without special
equipment. This technique has become popular due to its high
efficacy in small HCCs.

Ethanol penetrates tumour cells and causes coagulative necrosis
due to dehydration of cytoplasmic proteins and also, local ischaemia
due to thrombosis of the microcirculation of the tumour. The toxic
action of ethanol is facilitated by the hypervascularity and softer
consistency of HCCs in comparison with the surrounding cirrhotic
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liver. This allows for easy and selective diffusion of ethanol
within the nodule.12

The volume of ethanol injected is calculated using the following
formula: V=4/3 (r+0.5)3, where V is the target volume of ethanol,
r the maximum radius of the lesion (in centimetres), and 0.5 the
correction for the additional ‘surgical margin’. This dose is
injected slowly in 0.1–0.2 ml aliquots through a needle (fine, non-
cutting with a single end hole or multiple side holes) in multiple
sittings under local anaesthesia, using continuous US monitoring.
The tumour area is rendered echogenic following the injection.
The treatment schedule includes multiple sessions, once or twice
weekly. The number of treatment sessions varies according to the
size of the lesion, the distribution of intralesional ethanol within
the tumour and the condition of the patient.

PEI is highly effective in solitary HCCs of up to 3 cm, and
produces complete tumour response in 80% of patients. It is well
tolerated and has few minor complications.13 In larger tumours
(3–5 cm) or in multinodular HCCs, the efficacy is reduced––the
response produced is complete in 50% of patients. Local recurrence
is influenced by the size of the tumour.14 For HCCs >3 cm, despite
multiple treatment sessions, local tumour progression of >30% is
encountered.15–17 The 1-, 3- and 5-year survival rates with PEI are
reported to be 64%–100%, 55%–88% and 32%–59%, respectively
(Table II).

PEI has some limitations too. Multiple treatment sessions are
required to complete the treatment, which means that the treatment
time is long. The injected ethanol does not always accomplish
complete tumour necrosis because of its non-homogeneous
distribution within the lesion, especially in the presence of
intratumoural septa and the limited effect on extracapsular
cancerous spread. A high local recurrence rate is encountered

(33% in tumours <3 cm and 43% in tumours >3 cm).17,24 PEI is
unable to create a safety margin of ablation in the liver parenchyma
surrounding the nodules, where satellite nodules are frequently
located.25

Aggressive use of PEI with larger quantities of ethanol injected
in a single session has also been tried in large (single/multiple)
lesions. With this technique, a 3-year survival rate of 57% and
42% has been shown in encapsulated and infiltrating HCC >5 cm,
respectively. The technique is also associated with a higher rate of
major complications.26

Currently, PEI has also been successfully used as a part of a
combination modality in the treatment of tumours of a larger size.
Combination with trans-arterial chemoembolization (TACE) has
yielded a high complete response rate and 3- and 5-year survival
rates of 75%–100% and 59%–75%, respectively.27,28

Percutaneous acetic acid injection (PAI)

An alternative approach to PEI is the use of another chemical
agent with a higher diffusion capacity such as acetic acid. It is a
cheap and readily available chemical agent. A smaller volume of
acetic acid and fewer treatment sessions achieve the same degree
of cell kill as ethanol.29 PAI has the advantage of infiltrating the
tumour septae and capsule.

Limited experience is available with the use of acetic acid for
ablating HCC.29–32 Solitary small HCC, <3 cm in size, can be
ablated using PAI. Its cytotoxic effects plateau at a concentration
of 50%.30 The local tumour recurrence rate is 51% at 1 year and
74% at 3 years. The survival rate at 1 and 3 years is 84% and 51%,
respectively.31

PAI is also done under ultrasound guidance, using local
anaesthesia. The total amount of 50% acetic acid to be injected (in
ml) is calculated by measuring the maximum diameter of the
tumour and multiplying it by 3. This amount is injected in multiple
sessions (1–2 ml of acetic acid per tumour per session per week)
using a 23G spinal/Chiba needle (Fig. 1a–c). The response to the
treatment is assessed by a dual phase CT (DPCT) of the liver after
4 weeks (Fig. 2a, b). Dual phase CT has the ability to image the
liver after the administration of contrast in the arterial and venous
phases of enhancement to depict the characteristics of the liver
lesion better, and the residual or recurrent disease can be seen
well.

PAI is a safe technique, with no major complications. Single
high-dose PAI can also be used for the treatment of HCC <3 cm.31

However, this can cause metabolic acidosis, severe pain, segmental
infarction, high fever and transient haemoglobin-uria.32–34 Transient

TABLE I. Percutaneous methods for local ablation of
hepatocellular carcinomas

Percutaneous chemical ablation
Ethanol
Acetic acid

Percutaneous application of an energy source
Thermal ablation

a. Radiofrequency
b. Microwave
c. Interstitial laser photocoagulation

Cryoablation
High-intensity focused ultrasound

TABLE II. Survival rates of patients with small hepatocellular carcinomas treated with percutaneous ethanol
injection in selected studies

Author (year) Type of study n Survival rates (%)

1 year 3 years 5 years

Castells et al.18 (1993) Prospective 30 83 55 na
Lencioni et al.19 (1995) Prospective 105 96 68 32
Livraghi et al.14 (1995) Retrospective Child A 293 98 79 47

Child B 149 93 63 29
Child C 64 64 0 0

Giorgio et al.20 (1999) Prospective 112 88 76 –
Yamamoto et al.21 (2001) Prospective 39 100 82 59
Lencioni et al.15 (2003) Prospective 50 96 88 na
Andriulli et al.22 (2006) Retrospective (multicentre) 784 63 na na

Adapted from Lencioni et al.23  na not available



349PAUL et al. : PERCUTANEOUS ABLATIVE THERAPY FOR HEPATOCELLULAR CARCINOMA

haemoglobinuria can occur immediately after tumour ablation,
even after using small volumes (5–10 ml) of 50% acetic acid. This
clears within several urinary voids and does not affect the serum
creatinine. It can be helpful to take the precaution of alkalinizing
the patient’s urine before the procedure by administering
intravenous fluids containing bicarbonates.33

PAI has also been used following TACE for larger HCCs and
has been associated with better results than the use of a single
modality.35 The tumour diameter and serum alpha-foetoprotein
(AFP) level decreased to 86.6% and 83.3% in patients subjected
to combination treatment and 55.5% and 40% in patients treated
with TACE alone. The 1-, 2-, 3- and 4-year survival rates were
96.7%, 86.6%, 51.3% and 33.3%, respectively, in the combination
group and 66.7%, 44.4%, 16.7% and 0%, respectively (p<0.01),
in the group treated with TACE alone.

Both PEI and PAI can be used to treat HCC <3 cm successfully,
but the number of sessions of treatment required for PAI are

FIG 1a–c. Percutaneous acetic acid injection for small
hepatocellular carcinoma (HCC). (A) Pre-injection ultrasound
image of the liver showing a small, well-defined hypoechoic
lesion in segment 8, which has become echogenic following
injection of acetic acid (B) and needles used for the percutaneous
injection of either absolute alcohol or acetic acid (C)

FIG 2a,b. (A) Dual phase CT scan (axial) of the liver showing a
single, small arterial-enhancing focal lesion in segment 8 of the
liver, (B) the same mass lesion has become uniformly
hypodense suggesting complete ablation on follow up CT scan
done 4 weeks after injection of acetic acid

fewer.31,36 The local recurrence rate is lower with PAI than PEI
(8% v. 37%, p<0.001). The 1- and 2-year survival rates are 100%
and 92% with PAI and 83% and 63% with PEI. PAI is thus
superior to PEI in the treatment of small HCC. However, another
prospective study has shown that PAI and PEI are equally effective
in treating small HCC and has reaffirmed the advantages of PAI
over PEI with regard to fewer treatment sessions and low recurrence
rate.31

PERCUTANEOUS APPLICATION OF AN ENERGY
SOURCE
During the past 10 years, considerable interest has developed in
ablating HCCs using thermal energy. The methods used include
RFA, percutaneous microwave coagulation and laser ablation.
Cyroablation is also being used.

Radiofrequency ablation
Since the first use of RFA in 199037,38 and approval by the US
Food and Drug Administration in 2001,39 RFA for the treatment
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of liver tumours has been continuously refined, leading to better
outcomes. As a result, RFA has gained wide acceptance and
popularity, which have far exceeded those for any other ablative
technique.

RFA induces thermal injury through electromagnetic energy
deposition. The patient is a part of a closed-loop circuit that
includes an RF generator, an electrode needle and a large dispersive
electrode (ground pads). With the use of rapidly alternating RF
current, there occurs a marked ionic agitation resulting in frictional
heat around the electrode, leading to coagulative necrosis of the
tissue. The thermal damage is dependent on both the tissue
temperature achieved and the duration of heating. Irreversible
cellular damage occurs if the tissue is heated at 50–55 °C for 4–
6 minutes.

There are two types of RFA systems: monopolar and bipolar
with cooled/non-cooled tip electrodes. A variety of electrode
designs are available for different types of use: single, cluster and
multi-tined electrodes, which are different forms of non-
expandable and expandable array electrodes (Fig. 3). The
radiofrequency electrode is electrically insulated in its proximal
part, while a short part near the tip, from which the electric current
is passed into the tumour, is uninsulated. In cooled tip type
electrodes, there is continuous cooling of the needle tip by
circulating saline, which allows tissue heating and coagulative
necrosis far from the electrode without tissue charring. These are
single-use disposable electrodes which are costly. The latest
addition in RFA is bipolar and multipolar technology, which is
more effective for ablation of larger tumours and also obviates the
need for a grounding pad.40,41

RFA is done in patients who have early-stage HCCs and are
unsuitable for surgery. The tumours ideal for RFA are lesions <3
cm in size. Although, tumours of a diameter up to 5 cm can be
ablated with RFA, the chances of complete ablation decrease with
an increase in the diameter of the tumour. Multiple tumours (up to
5) can be safely treated in single or multiple sittings. Tumours
close to main branches of the portal or hepatic veins are difficult
to treat as continuous blood flow leads to dissipation of thermal
energy—the ‘heat sink effect’—resulting in incomplete ablation.
If the tumour is close to the liver capsule or gallbladder, chances
of peritonitis or cholecystitis, respectively, are high. Hence,
tumours that do not have at least 1 cm of normal liver parenchyma
separating them from the liver capsule, gallbladder, porta hepatis
or major vessels are considered unfavourable for RFA due to a
high risk of complications. Nevertheless, ablation of these tumours
is now done using special procedures.

RFA is usually performed under intravenous sedation with
continuous monitoring of the vital parameters. If cooled tip
electrodes are used, two grounding pads are placed on the patient’s
thighs before the procedure. Under ultrasound guidance, the
electrode is introduced into the tumour through the subcostal or
intercostal approach. The open or laparoscopic route can also be
used.42,43 As per the specifications of the equipment, the energy
parameters are set on the generator. A pulsed RF energy is applied
for 15–30 minutes, which causes a local rise of the temperature at
the target from 80 °C to 110 °C. At the completion of ablation, the
mass becomes echogenic due to microbubble formation and
subsequently the electrode is withdrawn by applying additional
lower energy during the withdrawal to prevent seeding of tumour
cells in the needle track (Fig. 4). DPCT done at 4 weeks after RFA
can provide the status of the tumour—complete response (Fig.
5a–c) or residual disease (Fig. 6a, b). Multiple treatment sessions
may be required to completely ablate the tumour(s) if residual

FIG 3. Various types of electrodes used for radiofrequency
ablation. (A) Multi-tined electrode, (B) single electrode and
(C) clustered electrode

FIG 4. Ultrasound showing an echogenic liver mass due to micro-
bubble formation after completion of radiofrequency ablation

disease is present on DPCT; the number of sessions depends on
the size of the tumour.

RFA has established itself in the treatment of small HCCs (<3.5
cm). As the tumour size increases, the complete response rate
declines (Table III). In tumours of up to 3.5 cm, complete response
is in the range of 90%–100%. RFA has the advantage of ablating the
entire tumour and also creating a safety margin (tumour-free area)
around it, similar to the principle of surgical resection.

The long-term outcome following RFA is also promising.
Table IV lists some important studies depicting the high recurrence-
free survival and the survival rate in patients with small and
medium HCCs using RFA; the 1- and 5-year survival rates are
80%–96% and 33%–54.3%, respectively.

A CB
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FIG 5. (A) Axial scan of arterial phase of dual phase CT of liver
showing a small enhancing mass lesion in segment 7,
(B) Following radiofrequency ablation, dual phase CT scan a
month later shows the radiofrequency defect which is larger in
size, with no enhancing viable tumour within suggesting
complete ablation. On follow up dual phase CT scan 1 year later
(C) the same radiofrequency defect has become significantly
smaller in size with no viable enhancing tumour within.

FIG 6. (A) Axial scans of the arterial phase of dual phase CT scan
of the liver showing a well-defined, enhancing segment 7 mass
with a feeding branch from the right hepatic artery (arrow).
Radiofrequency ablation was done and follow up dual phase CT
a month later (B) shows the same mass abutting the posterior
division of the right portal vein (arrowhead), uniformly
hypodense with small focal nodular enhancement along the
posterior margin suggestive of residual disease. Subsequently,
a repeat radiofrequency ablation was planned.

TABLE III. Local outcome of radiofrequency ablation in patients with hepatocellular carcinoma of different
sizes

Author (year) n Size (cm) Needle (types) Sessions (mean) Complete response (%)

Curley et al.42 (1999) 48* 1–3 Expandable – 48/48 (100)
Rossi et al.44 (1998) 26 1.3–3.5 Expandable 1.4 26/26 (100)
Livraghi et al.45 (1999) 52 1.2–3 Cooled tip 1.2 47/52 (90)
Lencioni et al.46 (1999) 54 1–3 Expandable/ 1.3 49/54 (95)

Cooled tip
Curley et al.43 (2000) 110* 2.8–4.6 Expandable – 106/110 (97)
Livraghi et al.47 (2000) 80 3.1–5 Cooled tip 1.1 49/80 (61)

46 5.1–9.5 Cooled tip 1.1 11/46 (24)
Buscarini et al.48 (2001) 41 <3.5 Cooled tip 3.3 41/41 (100)

60 <3.5 Expandable 1.5 60/60 (100)

* represents patients (number of masses not specified)  Adapted from Bruix and Llovet49
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For the treatment of large tumours, the area of coagulative
necrosis can be increased if RFA is done after occlusion of the
arterial supply of the HCC.56 The greatest dimension of the
coagulated area achieved by balloon-occluded RFA is significantly
larger than that by standard RFA.

Temporary hepatic vein or portal branch occlusion during
RFA is another technique which can safely facilitate ablation of
large tumours or tumours in contact with large vessels.57 For
tumours close to major organs or bowel, RFA is done with the
technique of artificial ascites—introducing 5% dextrose solution
intraperitoneally to separate the bowel from the tumour and
prevent thermal injury and not have a heat-sink effect in the
ablation zone volume.58,59 All these techniques require skill and
expertise.

RFA is a safe procedure with a minimal rate of major
complications. A mortality rate of 0.1%–0.3% and major
complication rate of 2.2%–3.1% have been observed in 2 large
studies assessing the complications of RFA.60 The minor
complication rate ranges from 5% to 8.9% and most of these
complications are transient and self-limiting. Tumour seeding is
uncommon (0.5%–0.8%) as the procedure involves ablation of
the track at the time of withdrawal of the needle. Peritoneal
haemorrhage, bile duct injury, hepatic abscess and intestinal
perforation are some of the rarely encountered adverse
outcomes.60,61 RFA also has some limitations. The cost of equipment
and electrodes is a major constraint in the widespread use of RFA
in a developing country.

At present, there is increasing interest in using a multimodality
strategy to ensure better treatment for large tumours. A combination
of RFA and TACE62

 
or PEI63 has been shown to cause more

effective tumour necrosis in larger lesions than is possible with
RFA alone. RFA is also used as a bridge to liver transplant.64

Comparison of RFA with PEI
A large number of studies comparing the outcomes of these two
ablative techniques is available. Some key studies show that RFA
has an advantage over PEI in terms of better tumour control and
survival (Table V). Additionally, relatively fewer treatment sessions
are required for achieving complete tumour response with RFA.

A recent meta-analysis comparing the two modalities67 shows
a better outcome with the use of RFA in the treatment of small
HCCs. The 1-, 2-, 3- and 4-year survival rates are 96%, 86%, 73%
and 62% for RFA and 91%, 75%, 58% and 51% for PEI,
respectively. Disease-free survival at 1, 2 and 3 years is 80%, 61%
and 40% with RFA and 70%, 42% and 19% with PEI, respectively.
Complete tumour response is achieved in 93.5% and 84.5% cases
following RFA and PEI, respectively. However, there is a higher
rate of adverse events with RFA, but no significant difference in
major complications (RR 1.85; 95% CI 0.68–5.01).

Percutaneous microwave coagulation therapy (PMCT)

Microwave coagulation therapy, another form of thermal ablation
for HCC, involves the use of microwave energy that causes
molecular vibration of dipoles, especially water molecules in

TABLE V. Key studies comparing radiofrequency ablation (RFA) and percutaneous ethanol injection (PEI) in patients with small
hepatocellular carcinomas (<3 cm)

Author (year) n Cohorts Mean Complete Survival (%)
 number of response

sessions (%)

PEI RFA PEI RFA PEI RFA PEI RFA

Livraghi et al.45 (1999) 86 44 42 4.8 1.2 80 90.3 na na
Lencioni et al.46 (1999) 115 – – 3.3 1.3 85 91 na na
Ikeda et al.51 (2001) 119 96 23 4.0 1.5 94 100 na na
Lencioni et al.46 (2003) 104 50 54 5.4 (1.6) 1.1 (0.5) 82 91 88 (2 years) 98 (2 years)
Lin et al.16 (2005) 187* 62 62 5.4 (1.6) 1.1 (0.5) 88.1 96.1 51 (3 years) 74 (3 years)
Shiina et al.65 (2005) 232* 114 118 6.4 2.1 na na 57 (4 years) 74 (4 years)
Brunello et al.66 (2008) 139* 69 70 na na 65.6 95.7 – –

* randomized controlled trial  Adapted from Gaiani et al.12  na not available

TABLE IV. Treatment results of radiofrequency ablation

Author (year) n Tumour Survival (%)
size (cm) Recurrence-free 1-year 3-year 5-year

Rossi et al.50 (1996) 39 <3 na 94 68 40
Rossi et al.44 (1998) 23 <2.6 71 (10 months) na na Na
Buscarini et al.48 (2001) 88 <3.5 4 (5 years) 89 62 33

34 (3 years)
68 (1 year)

Ikeda et al.51 (2001) 23 <3 85 (1 year) na na na
Tateishi et al.52 (2005) 319 <2 na 100 90.8 83.8

2.1–5.0 93 74.3 45.2
>5.1 87.5 58.7 33.6

Camma et al.53 (2005) 202 <3 na 80 57 na
Chen et al.54 (2006) 71 <5 46.4 (4 years) 95.8 71.4 na
Zhang et al.55 (2007) 67 <7 na 89.6 58.4 35.9

na not available
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tissue, and produces dielectric heat and thermal coagulation
around the electrode.68 No grounding pads are needed. Earlier,
PMCT was used during liver surgery for the control of bleeding
from ruptured HCC and for liver transection.69 It can also ablate
unresectable HCCs during laparotomy and laparoscopy.70–72 Even
though the agent of ablation in both RFA and PMCT is heat, the
mechanism of delivery differs. The amount of heat in PMCT does
not depend on the passage of electricity through tissues. Hence,
simultaneous activation can be achieved with multiple antennae
without electrical disturbance (a problem with RF probes).

PMCT has the advantages of having a higher thermal efficiency,
as well as high efficacy in coagulating blood vessels, and is,
therefore, a faster procedure.73 These factors yield a large ablation
volume, and result in good local control and fewer complications.
The technique is not affected by the heat-sink effect and can thus
be used to ablate tumours adjacent to major vessels. The time
required for ablation is short and the shape of necrosis is elliptical.

PMCT can achieve complete ablation of 89%–94% of tumours.
The local progression rate is 6%–8%. It is associated with a 5-year
survival rate of 51%–57% and a major complication rate of 0%–
8%.74–76 The 1-, 2-, 3-, 4- and 5-year cumulative survival rates are
93%, 82%, 72%, 63% and 51%, respectively.75

Comparison with RFA reveals that the complete ablation rates
are quite similar (89% for PMCT and 96% for RFA).77 However,
comparison of the survival outcome of the 2 methods shows
contradictory results: in one study there was no difference in the
survival rate78 while in another study there was a better 3-year
survival rate with the RFA group and higher complication and
recurrence rates with PMCT.79

Percutaneous laser ablation (PLA)
PLA produces thermal coagulation from the heat produced by
light energy. The heat is absorbed either directly or after the light
is scattered by tissue. The extent of necrosis depends on the power
(in watts), exposure time, wavelength of light and absorption
characteristics of the tissue, including proximity to major blood
vessels.80

Complete tumour ablation of up to 90.9% has been reported.80

Failures occur in tumours >3 cm in size and those located at sites
not allowing optimal fibre placement. Tumours located near
vessels require more illumination for ablation. Complications are
rare, and are mostly associated with excess energy and tumours at
high-risk locations.81

Cryoablation

Cryoablation is the oldest local ablation technique for primary and
secondary malignant hepatic tumours.82–85 The procedure requires
general anaesthesia and laparotomy for probe placement. Freezing
potentially produces the largest ablations. Sub-freezing temperatures
are delivered through penetrating or surface cryoprobes in which a
cryogen is circulated. Thermally conductive material allows cooling
at the probe tip, while the shaft and delivery hoses are insulated.
Irreversible tissue destruction occurs between temperatures of  –20
°C and –30 °C on account of denaturation of cellular proteins, cell
dehydration and ischaemic hypoxia.86

The long term results with cryoablation are variable. The
survival rates reported for 1 year are 82%–90%, for 3 years 32%–
40%, and for 5 years 13.4%–20%.85–87 For more advanced tumours,
the survival rates drop significantly (59% and 22% at 1 and 3
years, respectively);85 and better survival is noticed in the case of
primary HCCs than metastases.88 The complication rate following
cryoablation is higher than that following RFA.89,90

High-intensity focused ultrasound (HIFU)

In HIFU, the external source of high energy ultrasound waves is
projected into a target area within the liver. The increased local
sound pressure results in the production of heat and the destruction
of tissue.91 General anaesthesia is used and no needle placement
within the tumour is required. Rib resection may be required if the
lesion is obscured by the overlying ribs. The survival rates that
have been reported with HIFU are 100%, 83.3%, 69.4% and
55.6% at 1, 2, 3 and 5 years, respectively.92 It is still at an early
stage of development and has not gained wide acceptance.

COMPARISON OF ABLATIVE TECHNIQUES WITH
SURGICAL RESECTION
Comparison of PEI with surgical resection
A number of studies comparing the 2 have been reported.18,21,93,94

The 1-, 3- and 5-year overall survival rates are comparable in the
2 groups (100%, 82.1% and 59% in the PEI group and 96.6%,
84.4% and 61.5% in the surgery group, respectively).21 PEI is a
cost-effective modality and there is no statistically significant
difference in the recurrence and survival rates in the case of both
treatment modalities in patients with tumours <3 cm in size.93,94

On the contrary, better survival has been observed after surgery in
patients with tumours >3 cm in size.93 Controversial results have
been seen with respect to the effect of liver function on the
outcome in both groups.18,93

Comparison of RFA with surgical resection
A recent meta-analysis comparing RFA with surgical resection95

shows that surgery has a better 3-year and 5-year overall survival
rate than RFA. No significant difference in survival has been seen
in the case of tumours of <3 cm in size, while higher rates of local
intrahepatic recurrence have been reported following RFA. Due
to this reason RFA is now used at many centres as the first choice
of treatment for small HCC (<3 cm).96

Comparison of PMCT with surgical resection
There is a paucity of data comparing PMCT with surgery. A
retrospective study has shown a comparable 5-year disease-free
survival in the 2 groups (26% for surgery and 33% for PMCT).97

To our knowledge, no studies comparing PLA, cryo-ablation and
HIFU with surgery are available.

In conclusion, percutaneous ablative techniques are safe,
minimally invasive, efficacious and cost-effective. These ablative
methods have established themselves for the treatment of small
HCCs. RFA is the most widely used ablative therapy for the
treatment of small HCCs where surgery is not possible. It is also
being recommended as the first-line therapy at some centres. PEI
and PAI may be used in resource-poor settings.

For large HCCs, advances in electrode designs and newer
techniques of ablation, including microwave ablation, are
increasingly proving beneficial. Combination treatment modalities
have shown promising results as compared to single-therapy
treatment for large tumours.

Since a plethora of PLA techniques are available, careful
selection is important and the decision varies from patient to
patient. The choice should be based on the liver function status,
size, and the number and location of the tumour(s). The patient’s
financial resources, the availability of the technique and, above
all, the available expertise are issues worth considering.
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