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Abstract
High-intensity focused ultrasound (HIFU) is a non-
invasive modality that uses an extracorporeal source of 
focused ultrasound energy. This technique was intro-
duced by Lynn et al  and is able to induce coagulative 
necrosis in selected tissues without damaging adjacent 
structures. Although HIFU has been studied for 50 
years, recent technological developments now allow its 
use for tumours of the liver, prostate and other sites. 
In liver disease, HIFU has been used to treat unresect-
able, advanced stages of hepatocellular carcinoma 
(HCC) and liver metastases. Hepatocellular carcinoma 
is a serious health problem worldwide and is endemic 
in some areas because of its association with hepatitis 
B and C viruses (in 20% of cases). Liver transplantation 
(LT) has become one of the best treatments available 
because it removes both the tumour and the underlying 
liver disease such as cirrhosis (which is present in ap-
proximately 80% of cases). The prerequisite for long-
term transplant success depends on tumour load and 
strict selection criteria regarding the size and number 
of tumour nodules. The need to obtain the optimal 
benefit from the limited number of organs available has 
prompted strict selection criteria limited to only those 
patients with early HCC who have a better long-term 
outcome after LT. The so-called “bridging therapy” has 
the aim of controlling disease burden for patients who 

are on the organ transplant waiting list. Amongst vari-
ous treatment options, transarterial chemoembolisation 
and radiofrequency ablation are the most popular treat-
ment choices. Recently, Cheung et al  demonstrated 
that HIFU ablation is a safe and effective method for 
the treatment of HCC patients with advanced cirrhosis 
as a bridging therapy and that it reduced the drop-
out rate from the liver transplant waiting list. In this 
commentary, we discuss the current value of HIFU in 
the treatment of liver disease, including its value as a 
bridging therapy, and examine the potential advantages 
of other therapeutic strategies.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: High-intensity focused ultrasound (HIFU) is 
a non-invasive modality used to destroy tissue. It has 
been used to treat unresectable advanced stages of 
hepatocellular carcinoma (HCC) and liver metastases. 
In some HCC cases, liver transplantation has become 
one of the best treatments because it removes the tu-
mour and the underlying liver disease such as cirrhosis. 
The so-called “bridging therapy” has the aim of control-
ling disease burden for patients who are on the organ 
transplant waiting list. Here, we discuss various treat-
ment options including transarterial chemoembolisation 
and radiofrequency ablation, and we examine the util-
ity of HIFU as a safe and effective method of bridging 
therapy that can reduce the dropout rate of patients 
who are on the liver transplant waiting list.
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COMMENTARY ON HOT TOPICS
I have read with great interest the recent article by Cheung 
et al[1] reporting their experience in the use of  high-intensi-
ty focused ultrasound (HIFU) in patients with hepatocel-
lular carcinoma (HCC) and cirrhosis who are waiting for 
liver transplant. The study aim was to determine whether 
HIFU could reduce the patient dropout rate.

HIFU is a non-invasive modality that uses an ex-
tracorporeal source of  focused ultrasound energy. The 
technique was introduced by Lynn et al[2], and it is able 
to induce coagulative necrosis in targeted tissues without 
damaging overlying and surrounding vital structures.

Although HIFU has been studied for 50 years, recent 
technological developments have allowed its use in treat-
ing tumours of  the liver[3], prostate[4] and other sites[5].

HIFU is a highly precise medical procedure that ap-
plies high-intensity focused energy to “heat” and “de-
stroy” diseased tissues. Its precision is under investigation 
for a possible application as ‘‘focal’’ therapy in case of  
prostate cancer, where whole gland therapy has a negative 
impact in terms of  incontinence and impotence[6]. 

HIFU is a hyperthermia therapy, which is a class of  
clinical therapies [including radiofrequency ablation 
(RFA)] that use high temperature to treat diseases.

HIFU is also a modality of  therapeutic ultrasound, 
involving minimally invasive or non-invasive methods to 
direct acoustic energy into the body. In addition to HIFU, 
other modalities include ultrasound-assisted drug deliv-
ery, ultrasound haemostasis, ultrasound lithotripsy and 
ultrasound-assisted thrombolysis.

A clinical HIFU procedure is typically performed in 
conjunction with an imaging procedure to enable treat-
ment planning and targeting before applying any thera-
peutic or ablative levels of  ultrasound energy. When 
diagnostic sonography is used, the technique is termed 
ultrasound-guided focused ultrasound (USgHIFU or US-
gFUS). Magnetic resonance imaging is also used for guid-
ance; thus, the technique is sometimes called magnetic 
resonance-guided focused ultrasound, which is often 
shortened to MRgHIFU or MRgFUS.

Currently, USgHIFU is approved for use in Bulgaria, 
China, Hong Kong, Italy, Japan, Korea, Malaysia, Mex-
ico, Russia, Romania, Spain and the United Kingdom. 
MRgHIFU is an approved therapeutic procedure to treat 
uterine fibroids in Asia, Australia, Canada, Europe, Israel 
and the United States (Food and Drug Administration, 
FDA approved). Research on other indications is actively 
underway, including clinical trials evaluating the effective-
ness of  HIFU for the treatment of  cancers of  the brain, 
breast, liver, bone, and prostate.

From a technical point of  view, the ultrasound waves 
of  high-intensity focused ultrasound are generated by 
high frequency (0.5 to 10 MHz) vibration of  a piezo-
electric or piezo-ceramic transducer. The ultrasound 
beams are then focused by spherical arrangement us-
ing an acoustic lens or parabolic reflectors into a small, 
discrete region that corresponds to the focal point. For 
clinical applications, and similar to ultrasound imaging, 

an ultrasound probe is usually coupled by degassed wa-
ter between the source and patient surface (skin, rectal 
wall). Because of  the comparable acoustic properties of  
water and tissue, the sound waves should penetrate the 
surface and the pre-target tissue with only slight absorp-
tion, reflection and heating. This phenomenon occurs 
because the power density of  the converging ultrasound 
increases as it approaches the focal point. The focal re-
gion is a 3-dimensional zone, whose area depends on the 
frequency and the geometry of  the source. Generally, the 
focal area is approximately 10 to 50 mm in length and 1 
to 5 mm in diameter.

Based on target volume, the tissue can be ablated 
by sequentially shifting the focal zone with incremental 
movements of  the transducer. This approach is com-
bined with adjustments of  the focal length and is coupled 
with an immobile organ or with the complex real-time 
tracking of  a moving target (such as liver). The extent of  
tissue ablation is approximately that of  the physical fo-
cal zone, although in practice cold spots (cause by blood 
perfusion in the tissue), beam distortion and beam mis-
registration are impediments to finely controlled treat-
ments. However, by scanning the target using multiple 
pulses and multiple focal points, large tissue areas can be 
ablated.

The effect of  acoustic cavitation induced by the ultra-
sound beam is complex, and acoustic impedance is some-
times unpredictable. However, the result is cell necrosis 
induced through a combination of  mechanical stress and 
thermal injury.

The mechanical effect is induced by cavitation, a 
process in which bubbles develop and increase in size 
to the point at which resonance is achieved. The bubble 
formation is a consequence of  the negative pressure of  
the ultrasound wave. As the bubbles expand and collapse, 
high pressures ranging from 20000 to 30000 bars develop 
and damage nearby cells. The popcorn effect is the typi-
cal example of  cavitation.

The thermal effect is directly induced by the ultra-
sound beams, and due to the significant energy deposition 
at the focus the temperature within the tissue can rise 
from 65 to 85 ℃. The temperature increase destroys tissue 
by coagulative necrosis. Higher temperatures are typically 
avoided to prevent boiling of  liquids inside the tissue.

Because ultrasound destroys the diseased tissue non-
invasively, it is also known as a non-invasive surgery. In 
liver disease, HIFU has been used for the treatment of  
unresectable, advanced stages of  hepatocellular carci-
noma or for the treatment of  liver metastases.

Previous studies have shown that HIFU is safe and 
effective for patients with hepatocellular carcinoma[7] and 
can improve the quality of  life of  patients with HCC. In 
a study involving 145 patients with HCC, symptoms im-
proved or pain was relieved in 84.8% of  the 145 patients. 
Additionally, the size of  the target tumour shrank by vari-
ous degrees. The 2-year survival rate was 80% in patients 
with stage Ⅰb HCC, 51.4% in stage Ⅱa, and 46.5% in 
stage Ⅲa.
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Ng et al[8] involving 49 patients receiving HIFU for un-
resectable HCC showed that the technique was effective 
in 79.5% of  cases. The study found that only tumour size 
(≥ 3.0 cm) was a significant risk factor affecting the com-
plete ablation rate. The 1- and 3-year overall survival rates 
were 87.7% and 62.4%, respectively. Moreover, HIFU is 
safe for the treatment of  disease adjacent to or surround-
ing a major liver vessel. The study by Zhang et al[9] en-
rolled 39 patients with HCC. All of  the treated tumours 
had a distance between the tumour and main blood ves-
sel (inferior vena cava, main hepatic vein branches, portal 
vein) of  less than 1 cm, and no major blood vessel injury 
was observed in any subject.

HIFU has been used in combination with transarterial 
chemoembolisation (TACE) in prior studies. Jin et al[10] re-
ported their experience of  HIFU and transraterial chem-
oembolisation in 73 patients with unresectable HCC. 
That study demonstrated that 45.2% patients achieved 
complete tumour ablation. By multivariate analysis, abla-
tion response (P = 0.001) and tumour size (P = 0.013) 
were major prognostic factors in predicting response to 
therapy. In an interesting randomised trial comparing 
TACE alone vs TACE + HIFU, Li et al[11] showed that the 
total effective rate for tumour response was 72.8% in the 
TACE + HIFU group. This response was significantly 
higher than in the TACE group alone (44.5%, P < 0.05). 
The corresponding 1-, 2-, 3- and 5-year overall survival 
rates for the TACE-HIFU group were 72.7%, 50.0%, 
31.8% and 11.4%, respectively. These rates were higher 
than in the TACE alone group (47.2%, 16.7%, 2.8% and 
0%, respectively , P < 0.01). 

HIFU ablation is well tolerated in HCC patients with 
cirrhosis. According to Cheung et al[12], 13% of  100 pa-
tients developed 18 complications. Morbidity was mainly 
caused by skin and subcutaneous tissue injuries in nine 
cases. Based on the Clavien classification of  surgical com-
plications, only four complications were grade 3a, while 
the other 14 were below this grade. By univariate analysis, 
only age was found to be an independent factor for poor 
HIFU tolerance.

HCC is a serious health problem worldwide because 
of  its association with hepatitis B and C viruses. Liver 
transplantation has become one of  the best HCC treat-
ments available because it removes both the tumour and 
the underlying liver disease.

A prerequisite for the long-term success of  a trans-
plantation program depends on tumour load and se-
lection criteria regarding size and number of  tumour 
nodules. The need to obtain the optimal benefit from the 
limited number of  available organs has prompted the use 
of  careful selection criteria to list only those patients with 
early HCC who have a prediction of  superior long-term 
outcome after LT.

Patients who fulfil the so-called Milan criteria (single 
tumour ≤ 5 cm; two or three tumours, none > 3 cm; no 
vascular invasion) or the expanded University of  Califor-
nia San Francisco criteria (UCSF criteria: single tumour 
≤ 4.5 cm; two or three tumours, none > 4.5 cm; or total 

tumour diameter ≤ 8 cm; no vascular invasion) may have 
a 3-year survival of  up to 88%. However, the expansion 
of  these criteria for transplantation is still a topic of  dis-
cussion.

Other problems arise from the differential between 
the number of  patients on the liver transplant waiting list 
and the number of  available donors. Additionally, there is 
a time lag between patient inclusion on a waiting list and 
the available organ. For example, in the United States, 
more than 2000 candidates die each year while awaiting 
transplantation.

Some therapies for HCC, called “bridge therapy”, 
have the capacity to “fix” or suspend tumour progression 
and to allow HCC patients to maintain active candidacy as 
long as necessary to obtain a liver. Several techniques are 
employed as bridge therapies for HCC patients awaiting 
liver transplantation. Treatment options such as TACE 
and radio frequency ablasion (RFA) are the most popular 
treatment choices as pre-transplant locoregional therapy.

Moreover, other goals of  locoregional therapy, e.g., 
alcohol injection, radiofrequency ablation, transarterial 
chemoembolisation, transarterial radioembolization, and 
liver resection, are intended to decrease tumour size and 
number in patients who initially present with tumours 
that do not meet locally acceptable criteria for liver trans-
plantation.

The TACE principle is intra-arterial injection of  cy-
totoxic drug combinations (doxorubicin and/or cisplatin 
and/or mitomycin into the hepatic artery), followed by 
lipiodol injection, gelfoam for vessel occlusion and de-
gradable microspheres. An aggressive ablation therapy in 
association with a short transplant waiting time has the 
potential to optimise the curative intent of  liver trans-
plantation in selected cirrhotic patients. Based on the 
local extension of  the disease and the hepatic functional 
reserve, TACE may be performed as a ‘‘complete’’, selec-
tive or superselective procedure through a microcatheter. 
Contraindications for TACE include Child-Pugh C liver 
cirrhosis, presence of  multifocal bilobar tumour spread, 
presence of  extrahepatic metastases, portal vein throm-
bosis or arterio-portal fistula.

TACE has shown excellent outcomes as a bridging 
therapy. However, only patients with preserved liver func-
tion and asymptomatic multinodular tumours without 
vascular invasion or extrahepatic spread are eligible for 
TACE because it avoids hepatic failure and severe ad-
verse events[13]. TACE has been used as a selective/super-
selective procedure and has shown excellent results that 
are superior to a simple lobar approach[14]. As a bridging 
(or down-staging) therapy, selective/superselective TACE 
induces a histological necrosis in 91.8% of  cases and was 
maximal for tumours > 3 cm. 

RFA represents a widely applied method to treat HCC 
in a palliative intent, or as a ‘‘bridging’’ to liver transplan-
tation. RFA may be performed under ultrasonography, 
Computed tomography guidance, or during laparoscopic 
and open surgical procedures. This procedure has more 
limitations than TACE, including the number of  nodules 
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ginning of  treatment, tumour progression was observed 
in a large proportion (38%) of  patients. These results 
limit the role of  RFA as a bridging treatment prior to LT.

Yttrium-90 (Y90) microsphere radio-embolisation is 
a recently FDA-approved, non-surgical procedure used 
to treat inoperable HCC. This innovative procedure de-
livers targeted, internal radiation therapy directly to the 
tumour[18]. Some promising results have been reported for 
this technique either as a “bridging” option before other 
treatment modalities (partial hepatectomy, liver transplan-
tation) or as a main therapy for patients with diffuse intra-
hepatic tumour spread. Treatment with Y90 microspheres 
has the advantage of  being able to treat all intrahepatic 

that may be treated (up to three in most cases) or the 
maximal tumour diameter of  the nodules (up to 5 cm). 
Effective treatment has been achieved[15] when 100% tu-
mour necrosis is present. However, it is difficult to reach 
this goal with tumours exceeding the above-mentioned di-
ameter or number of  tumour nodules. Mazzaferro et al[16] 
showed that although the complete response rate was high 
(55%), tumour size (> 3 cm) and time from treatment (> 
1 year) predict a high risk of  tumour persistence in the 
targeted nodule. 

As a bridging therapy, RFA showed some limitations. 
Schroeder et al[17] demonstrated that although the majority 
of  treated patients (62%) had a solitary tumour at the be-

Assess Child-Pugh Score, presence of portal hypertension, size and number 
of nodules and vascular invasion

Hepatocellular cancer

Non-metastatic Metastatic

Best supportive care or
clinical trial

Resectable Non-resectable

Resection +/- adjuvant 
therapy

Satisfies UNOS criteria

Yes

Orthotopic liver transplantation HIFU

Single lesion < 5 cm or
3 lesions each < 3 cm

Consider ‘'bridging therapy'’
Consider living donor transplant RFA/PEI TACE

If successfully downgraded, reevaluate for 
transplant by UNOS criteria

Yes No

No

Figure 1  Approach to the management of newly diagnosed hepatocellular cancer. Source from Parikh et al[19]. “Bridging therapy”: Surgical resection, radiofre-
quency ablation (RFA), transcatheter arterial chemoembolization (TACE). High-intensity focused ultrasound (HIFU) as proposal. PEI: Percutaneous ethanol injection; 
UNOS: United network for organ sharing.
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HCC lesions, including otherwise undetected tumours. 
This treatment may also be the alternative to TACE in se-
lected patients with contraindications for TACE. 

In conclusion, with increases in waiting times for liver 
transplantation, it has become common practice to moni-
tor patients to ensure that they remain within the accept-
able criteria for liver transplantation. Moreover, the drop-
out of  patients on the waiting list is common because 
of  cancer progression or other medical reasons. Locore-
gional therapy as a bridging strategy for patients on the 
waiting list aims to decrease tumour-related dropout rates 
and to reduce the incidence of  recurrent diseases after 
liver transplantation. Current available techniques show a 
dropout rate up to 35% for transarterial embolisation and 
up to 15% for radiofrequency ablation.

Cheung et al[12] must be congratulated for testing the 
utility of  high-intensity focused ultrasound in this par-
ticular setting. The study examined 49 consecutive HCC 
patients listed for liver transplant by UCSF criteria. Twen-
ty-nine patients received TACE as a bridging therapy, 16 
patients received no treatment before liver transplanta-
tion, and five patients received HIFU as bridging therapy. 
The control group of  five patients received HIFU but 
were not on the transplant list. TACE was performed 
using cisplatin as the chemotherapeutic agent, and it was 
delivered with Lipiodol, followed by gelfoam particle 
embolisation. Selective cannulation and embolisation 
of  the feeding arteries of  the tumours were performed 
whenever possible. All of  the HIFU treatments were 
conducted by an experienced hepatobiliary surgeon and 
radiologist using the JC HIFU system (Chongqing Haifu 
Technology, Chongqing, China). The system is composed 
of  a real-time diagnostic imaging unit, a therapeutic unit, 
a degassed water circulation unit, and a computer system. 
The real-time diagnostic imaging unit provides direct vi-
sualisation of  the tumour. The therapeutic unit consists 
of  an ultrasound energy transducer that focuses the ultra-
sound energy at a 12-cm focal point. The degassed water 
circulation unit provides a medium for ultrasound trans-
mission outside the body. The computer system controls 
these three units. 

Cheung demonstrated that 90% of  patients receiv-
ing HIFU had complete tumour response, while 10% 
had partial response. There was no complete or partial 
tumour response in the TACE group. Fourteen (46%) 
patients had progressive disease, and 14 (46%) patients 
had stable disease. The overall dropout rate was 24.1%.

HIFU was shown to be a safe treatment, and none of  
the patients receiving HIFU as a bridging therapy devel-
oped complications due to intolerance after the proce-
dure. The complication rate was 8.2%, and the complica-
tions involved mild skin oedema and injury due to energy 
accumulation at the ultrasound beam pathway.

HIFU ablation is an entirely extracorporeal non-inva-
sive ablative treatment method using focused ultrasound 
energy. It is capable of  causing coagulative necrosis of  
the targeted HCC via intact skin, without the need for 
surgical incision. 

HIFU has been well demonstrated to be an effective 
ablation modality that is non-invasive. It can effectively 
reduce the dropout rate from the liver transplant waiting 
list by providing effective tumour control. The histologi-
cal proof  from the liver explants provides evidence that 
the necrosis is effective in an in vivo model.

Despite the low number of  enrolled subjects, the pre-
liminary study by Cheung et al[1] is interesting and suggests 
the need for more extensive clinical trials that focus on 
the use of  HIFU as a bridging therapy (Figure 1).
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