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ABSTRACT
Objective: To determine the feasibility and role of diffusion-weighted magnetic resonance imaging (DWI) in the
assessment of high-intensity focused ultrasound (HIFU) for the treatment of primary liver cancer.
Study Design: An observational study.
Place and Duration of Study: Department of Radiology, Renmin Hospital, Hubei University of Medicine, China, from July
2016 to March 2018.
Methodology: Forty-eight patients with primary liver cancer underwent conventional magnetic resonance plain scans,
dynamic contrast-enhanced scans, and DWI before and two weeks after HIFU treatment, to compare and analyse the
changes in apparent diffusion coefficient (ADC) and signal intensity (SI) in four regions of interest (the centre and the
surrounding of the lesion, liver tissues around the lesion, back muscles) before and after HIFU treatment.
Results: Before HIFU treatment, the lesion showed high signals on the original DWI image, and the ADC image showed
cool colours. Two weeks after HIFU treatment, the lesion showed low signals on the original DWI image, and ADC image
showed warm colours; the ADC values of the centre and the surrounding of the lesion were significantly higher than those
before treatment (both p<0.001); SI values of centre and surrounding of the lesion were significantly lower than those
before treatment (both p<0.001). One case (2.08%) each of residual tumor tissue and recurrence were observed and
followed up for 3 months.
Conclusion: DWI can make a relatively accurate judgment on the therapeutic effect of HIFU for the treatment of primary
liver cancer. Increased ADC values and reduced SI values can be used as markers for the evaluation of coagulative
necrosis of primary liver cancer after HIFU treatment. In addition, DWI combined with dynamic contrast-enhanced MRI
can make up for their own shortcomings.
Key Words: Magnetic resonance, Diffusion-weighted imaging, Primary liver cancer, High-intensity focused ultrasound, Therapeutic
assessment.

INTRODUCTION
Primary liver cancer is the fifth most common cancer
worldwide. Moreover, the number of deaths due to
primary liver cancer is increasing markedly every year.
Noninvasive and minimally invasive surgery for primary
liver cancer is now at a high level platform with its rapid
development. High-intensity focused ultrasound (HIFU)
ablation is a new method for noninvasive and minimally
invasive treatment of liver cancer.1,2 How to assess
accurately the therapeutic effect of HIFU ablation in
tumour treatment has become a research hotspot in
recent years. Commonly used post-HIFU monitoring
methods include CDFI, CEUS, and contrast-enhanced
magnetic resonance imaging (CE-MRI), etc.3,4 Although
CDFI and CEUS are convenient and quick examinations,
their accuracy is relatively poor. CE-MRI is more
accurate and can show the ablation of lesions in multiple
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sections. However, the time-consuming and expensive
characteristics as well as the contraindications to MR,
limit the clinical application of CE-MRI.5,6 In recent
years, DWI has been gradually applied to the diagnosis,
the differential diagnosis, and the therapeutic assessment of diseases in the liver and other organs.7 DWI can
reflect the water molecular movement in tumours and
has potential value in tumour detection and tumour
progression monitoring.8 DWI can also avoid the use of
contrast agents; and at the same time, can reflect the
changes of the lesion before and after surgery at the
molecular biological level, so as to accurately assess the
effect of HIFU ablation.9,10
The purpose of this study was to determine the feasibility
and value of DWI in the therapeutic assessment of HIFU
for the treatment of primary liver cancer.

METHODOLOGY
This study was conducted at the Department of
Radiology, Renmin Hospital, Hubei University of
Medicine, China, from July 2016 to March 2018. This
Research was approved by the Hospital Ethical and
Research Committee. A total of 48 patients with primary
liver cancer were selected as the study subjects.
Inclusion criteria were patients confirmed as primary
liver cancer by biopsy or clinical diagnosis, and single
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lesion undergoing HIFU treatment. Exclusion criteria
were patients who underwent interventional treatment or
surgical treatment; who had intrahepatic or distant
metastases; a history of contrast agent allergy; patients
who were unable to cooperate with examinations due to
severe liver, kidney and heart failure; other tumours.
For high-intensity focused ultrasound, patients' imaging
data in terms of the location, size, shape of the lesion,
and its relationship with the adjacent organs and blood
vessels were obtained. The treatment range, working
parameters, and the number of treatment slices were
also designed. Then, under the colour Doppler
ultrasound, localization and monitoring, an in vitro lineto-face conformal treatment was given with the
treatment probe according to the slice order to treat
tumours at each slice until the predetermined target area
was completely covered.
Magnetic resonance examination was performed on all
patients with primary liver cancer by using a 1.5T
superconducting magnetic resonance imaging system
and an 8-channel body phased array coil. Conventional
magnetic resonance scans, dynamic contrast-enhanced
MRI, and DWI were performed on all patients before and
two weeks after HIFU treatment. Dynamic contrastenhanced MRI scan parameters were dynamic enhanced
three-dimensional volume acquisition (LAVA) scan of the
liver with field of view of 32 cm x 32 cm, matrix of 256 x
256, NSA=0.7. EPI sequences and frequency-selective
fat suppression were used in DWI to remove chemical
shift artifacts. The DWI data were transmitted to the GE
AW 4.1 workstation, and the DWI images were postprocessed with Functool 2 software to obtain the
pseudo-colour ADC images. The centre and the
surrounding of the lesion, normal liver tissues around the
lesion, and back muscles were set as regions of interest,
to measure the ADC values and the signal intensity (SI).
The area of ROI was taken as 55~60 mm2.
According to the characteristics of dynamic enhancement of lesions, tumor necrosis, survival or recurrence
were judged. Tumor necrosis is defined as the
appearance of no enhancement inside the lesion,
appearance of regular annular enhancement around the
lesion, or absence of regular annular enhancement on
MRI dynamic enhancement after treatment. One week
after treatment, MRI dynamic enhanced scanning
showed irregular nodular, patchy or massive enhancement in arterial phase inside or / and around the lesion,
which was defined as residual living tumor tissue or
cells. The tumor recurrence was defined as a dynamic

MRI scan showing no enhancement inside the lesion
within three months after treatment, but irregular
nodular, patchy or massive enhancement around the
lesion after three months.
The signal changes of the lesion in the DW and ADC
images were analysed. The differences in the SI and
ADC values of three regions of interest (the centre of the
lesion, the surrounding of the lesion, and the liver
tissues around the lesion) before and two weeks after
HIFU treatment were compared. The differences in the
SI and ADC values of back muscles before and two
weeks after HIFU treatment were compared.
SPSS version 21.0 statistical software package was
used for data analysis. Measurement data were
expressed as mean +SD. The paired t-test was used to
compare the differences in the SI and ADC values of the
centre of the lesion and liver tissues around the lesion
before and after treatment. P<0.05 was considered
statistically significant.

RESULTS
There were 30 males (62.50%) and 18 females (37.50%);
aged 37-75 years, with an average age of 60.45 ±2.37
years. Before HIFU treatment, the lesions of the 48
patients with primary liver cancer showed high signals
on the original DW images, and cool colours on the ADC
images. Two weeks after the HIFU treatment, the lesions
of the 48 patients with primary liver cancer showed low
signals on the DW images, and warm colours on the
ADC images. After HIFU treatment, the patients were
followed up for three months. One case (2.08%) of
dynamic enhancement showed uneven enhancement
inside and around the lesion. Nodular high signal was
seen on original DW images inside and around the
lesion, ADC images were mixed with warm and cold colors,
and MRI dynamic enhanced scan showed residual
tumor tissue. One case (2.08%) showed low signal and
ADC showed warm color within two weeks after HIFU
treatment. After three months of reexamination, irregular
nodular high signals appeared around the lesion, ADC
images showed cold color, and MRI dynamic enhanced
scan showed recurrence of liver cancer.
Two weeks after HIFU treatment, the ADC values in the
centre and the surrounding of the lesion were
significantly higher than those before treatment (both
p<0.001), while the ADC values of liver tissues around
the lesion and back muscles were not significantly
different from those before treatment (p=0.433 and
0.735, respectively, Table I). The SI values in the centre

Table I: Changes in ADC values before and after HIFU treatment.
Time point

n

Mean ±SD

p-value

Mean ±SD

p-value

Mean ±SD

p-value

Mean ±SD

p-value

Before HIFU treatment

48

1.36 ±0.16

<0.001

1.39 ±0.19

<0.001

1.55 ±0.14

0.433

1.78 ±0.17

0.735

Two weeks after HIFU treatment

48

1.95 ±0.41

306

ADC values in the
centre of the lesion
(×10-3mm2/s)

ADC values in the
surrounding of the lesion
(×10-3mm2/s)

1.82 ±0.36

ADC values in liver
tissues around the lesion
(×10-3mm2/s)

1.54 ±0.17

ADC values of back
muscles
(×10-3mm2/s)

1.77 ±0.24
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Table II: Changes in SI values before and after HIFU Treatment.
Time point

n

SI values in the
centre of the lesion

SI values in the
surrounding of the lesion

Mean ±SD

p-value

Mean ±SD

p-value

Mean ±SD

p-value

Mean ±SD

p-value

Before HIFU treatment

48

194.15 ±49.12

<0.001

135.73 ±25.68

<0.001

95.66 ±4.11

0.635

100.54 ±13.68

0.911

Two weeks after HIFU treatment

48

87.25 ±6.19

89.16 ±5.28

and the surrounding of the lesion were significantly lower
than those before treatment (both p<0.001), while the SI
values of liver tissues around the lesion and back
muscles were not significantly different from those
before treatment (p=0.635 and 0.911, respectively, Table II).

DISCUSSION
Primary liver cancer is a malignant cancer which has a
high prevalence rate, and seriously threatens patients'
lives. It is relatively insensitive to radiotherapy and
chemotherapy, and leads to a short survival period.11
High-intensity focused ultrasound (HIFU) can kill tumour
cells through instantaneous high temperature and
cavitation in the focal region, and can block tumour
blood supply.12,13 HIFU opens up a new noninvasive,
safe and effective way to treat liver cancer. One study
showed that HIFU offered a significant noninvasive
therapy for local treatment of liver cancer; and increasing
treatment time or repeated treatment may improve the
efficiency of HIFU ablation treatment of right lobe liver
cancers or with poor ultrasonic window.14
DWI technique is a research hotspot in recent years.
The main principle is to use special sequences to record
the Brownian motion of water molecules in vivo.15 This
technique can reflect the microstructure of tissues by
monitoring water molecules, and noninvasively detect
the free motion of water molecules in body tissues. ADC
is an important parameter in DWI, and is positively
correlated with the degree of diffusion motion of water
molecules.16,17 However, DWI signals are negatively
correlated with the diffusion of water molecules. DWI
can reflect the microstructure of tissues from the
perspective of molecular biology without using contrast
agents, and it only requires a few additional minutes of
scanning after the conventional MR scanning. Therefore,
the role of DWI in the diagnosis and therapeutic
assessment of primary liver cancer has gradually been
valued in clinical practice.18,19 Based on an accurate
quantitative information of the free motion of water
molecules provided by DWI, the pathological and
physiological changes of primary liver cancer after HIFU
ablation can be reflected indirectly. A relevant study
confirmed that the ADC values of liver cysts and
haemangiomas were significantly higher than those of
primary liver cancer and metastatic tumours, with
significant differences.20 The analysis of SI values may
be a simpler and more direct method for therapeutic
assessment. SI indicates the signal intensity of the
lesion; the greater the value is, the stronger the lesion

SI values in liver
tissues around the lesion

96.21 ±4.33

SI values of back
muscles

100.71 ±8.19

signal will be. This study found that two weeks after
HIFU treatment, the ADC values of the centre and the
surrounding of the lesion were significantly higher than
those before treatment. The SI values of the centre and
the surrounding of the lesion were significantly lower
than those before treatment. The mechanism of increased
ADC and decreased SI in primary liver cancer after HIFU
was probably because HIFU produced instantaneous
high temperature, cavitation, and mechanical effects
which caused coagulative necrosis of tumour cells. With
increased membrane permeability, the cells ruptured
and disintegrated; the cell membrane ruptured and lost
its restriction to the intracellular water molecules. At the
same time, the tumour cells dissolved and a large
number of intracellular fluids leaked, causing the free
diffusion of water molecules outside the cells and higher
ADC values.
Therefore, ADC can be used as an assessment index for
primary liver cancer after HIFU treatment. This conclusion
is basically consistent with previous reports. 21 ADC
combined with decreased DWI signals, an accurate
judgement, can be made on the necrotic lesions after
treatment. This method is more accurate, sensitive and
specific.22 After HIFU treatment, the ADC values around
the primary liver cancer increased and the SI values
decreased, suggesting that the therapeutic range of
HIFU was slightly larger than the lesion of primary liver
cancer itself, and thus overcoming the risk of peripheral
infiltration by the lesion.
This study also found that there were no significant
changes in ADC and SI values in liver tissues around the
lesion of primary liver cancer before and after HIFU
treatment. It indicated that HIFU had an accurate
location and no effects on the surrounding liver tissues.
Thus, it is a safe, effective and noninvasive treatment.
In this study, the paraspinal muscles were used as the
signal reference, and it was found that the ADC and SI
values had no significant changes before and after HIFU
treatment. It suggested that using DWI to assess the
situations of primary liver cancer after HIFU treatment
was feasible and repeatable. Moreover, the results of
this study showed that after HIFU treatment, one case
each of residual tumor tissue and of recurrence were
followed up for three months. It is suggested that
dynamic CE-MRI examination of the lesions after HIFU
treatment can accurately determine the tumor necrosis,
survival or recurrence. Therefore, DWI combined with
dynamic CE-MRI can make up for their own shortcomings, provide more comprehensive information for
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clinical use, and better guide clinical selection of further
treatment options.
However, due to some objective factors, there were still
some deficiencies and shortcomings. Firstly, the
deficiencies of this study lay in the inability to obtain
patients' pathological data to confirm the results of the
study. Secondly, due to the low spatial resolution of liver
DW images, and the influences of respiratory motion
and heartbeats, it was easy to produce a variety of
artifacts, and could not reflect the details of the lesion.
So, it cannot completely replace the conventional MR
sequence. Thirdly, the time for judging HIFU efficacy
review is short, and the long-term efficacy needs to be
further studied in order to obtain more in-depth and
detailed imaging features of patients with primary liver
cancer after HIFU treatment.

CONCLUSION
DWI can make a relatively accurate judgment on the
therapeutic effect of HIFU for the treatment of primary
liver cancer. Increased ADC values and reduced SI
values can be used as markers for the evaluation of
coagulative necrosis of primary liver cancer after HIFU
treatment. In addition, DWI combined with dynamic CE-MRI
can make up for their own shortcomings.
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