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Abstract

Background: DWI is done by quantifying the amount of
diffusion through tissues and calculating ADC values. Tumors,
which consist of excessive proliferation of cells, would
expectantly show restricted diffusion. ADC values can aid in
characterizing focal liver lesions as benign vs. malignant.
DWI when used in combination with dynamic MRI can be
used to enhance the accuracy of liver lesion characterization
and diagnosis.

Aim of Study: To assess the role of diffusion-weighted
magnetic resonance imaging (DWI) in detection and charac-
terization of hepatic focal lesions, and its value in differenti-
ating benign from malignant masses.

Patients and Methods: A total of 60 liver disease patients (
21 males and 39 females) with ages ranged from 20 to 63
years old were included in the study. All of the patients
underwent MRI examination including pre-contrast imaging,
dynamic study and diffusion study. The morphological features
of each lesion were recorded and diffusion images were
reviewed for final radiological characterization and 
detection of focal lesions. ADC values were calculated for 
all patients.

Results: This study included 60 patients with various
types of lesions, 40 of which had benign lesions and 20 with
malignant lesions. The diffusion images aided in diagnosis
of malignant lesions with different components. Absolute
ADC values of different types of lesions were not similar.
Benign hepatic lesions have generally higher ADC values
compared with malignant lesions. The ADC values we found
for different lesions were consistent with previous studies.

Conclusion: Diffusion-weighted MRI sequence with
quantitative ADC measurement should be used as an additional
sequence to supplement conventional MRI protocol studies
for proper detection and characterization of solid liver 
lesions.
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Introduction

THE liver is an organ in which benign or malignant
masses can be detected. Traditionally, focal masses
are diagnosed using ultrasonography and/or com-
puted tomography [1]. Accurate detection and char-
acterization of these lesions are important for
treatment planning in cases such as Hepatocellular
Carcinoma (HCC) and metastases. The size and
numbers of lesions affect therapy strategies.

Magnetic resonance imaging is preferred when
further characterization of these masses is needed.
The conventional technique of MRI liver included
non-enhanced MR sequences such as T1-weighted
sequences and T2-weighted sequences. There are
also contrast-enhanced MR sequences and dynamic
study that uses a variety of contrast agents with
Gadolinium chelates being the most widely used
[2].

Throughout the years, studies using the Diffu-
sion-Weight Imaging (DWI) technique have shifted
from being limited to brain studies to including
other studies on lymphadenopathy and liver lesions.
The benefit of DWI is that it more accurately and
clearly identifies liver lesions. For example, many
liver lesions demonstrate low T 1 and bright T2
signal which is similar to hepatic vessels and the
bile ducts. With DWI, bile ducts and vessels are
shown as black as the liver which allows even
small lesions to be highlighted [3]. Additional
advantages include high contrast resolution, lack
of ionizing radiation and safety of contrast not
containing iodine [1].

The DWI signal is derived from motion of
water molecules throughout biologic tissue. This
qualitative assessment of DWI is done via b values.
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The sensitivity of the imaging sequence to water
diffusion can be altered by changing the b value.
By running a series of DW sequences at various
strengths, images are produced sensitized to diffu-
sion in multiple different directions [4].

At a value of 0sec/mm2, free water molecules
have a high signal intensity. Small b-values (from
50-100sec/mm2) result in signal loss in highly
mobile water molecules such as within vessels.
Since water movement in highly cellular tissues,
such as in tumors, is restricted, the water molecules
within such tissue retain their signal even at high
b-values (500-1000sec/mm2) [4]. The degree of
restriction to water diffusion throughout the 
tissue is inversely correlated to tissue cellularity and 
the integrity of cell membranes.

Quantitative analysis of DWI is done by the
means of an Apparent Diffusion Coefficient (ADC)
. It is a reflection of the amount of diffusion and is
affected by several factors in biological tissues;
capillary perfusion, temperature, magnetic sensi-
tivity of the tissue and motion [5,6]. Analysis of
ADC is an automated process that is represented
as a parametric map that reflects the differences
in tissue diffusivity at different b values (at least
two). ADC can aid in characterization of liver
lesions as well as for assessment of tumor response
to treatment and diagnosis of liver fibrosis and
cirrhosis [7].

In the context of tumor characterization, reduced
ADC values have been reported in most malignant
tumors due to reduced diffusion. However, solid
benign lesions, which are also highly cellular,
exhibit decreased ADC values as well. Benign
lesions as simple cysts and hemangiomas show
high ADC values because of their liquid content
and large extracellular spaces. However, ADC
values cannot discriminate between solid benign
and malignant lesions since there is considerable
overlap [8].

DWI can help direct the attention of the radiol-
ogist to findings that may otherwise be overlooked.
Unenhanced and dynamic MRI contrast series
alone are very capable in the discrimination of
different types of liver lesions, but a combination
of DWI and MRI increases the accuracy of the
characterization of benign and malignant lesions
[8].

The aim of this study is to assess the role of
diffusion-weighted magnetic resonance imaging (
DWI) in detection and characterization of hepatic
focal lesions, and its value in differentiating benign
from malignant masses.

Material and Methods

In this prospective study, a total of 60 patients (
21 males and 39 females) with ages ranged from
20 to 63 years old (mean age 49) were included in
the study in the period from June 2012 to June
2013.

15 of the patients had their MRI done at Cairo
Scan Radiology Center in Egypt. The remaining
35 patients had their examinations done at the
Université Libre De Bruxelles in Belgium.

Inclusion criteria:
- Adults (18+).

- Patients with focal liver lesions (malignant or
benign).

Exclusion criteria:

- Anyone under 18 years old.

- Patients with diffuse liver lesions (including
inflammations).

Laboratory investigations, Ultrasonography (
US) and/or CT and a detailed MRI were done for
all patients.

MRI examination:

Conventional MRI, post Gd-DTPA dynamic
and diffusion MR imaging were performed after
informed written consent was obtained prior to the
study.

First, blind detection and characterization of
the focal lesions were done. Second, the diffusion
images were reviewed as well as the ADC values
of the lesions calculated. All imaging results were
verified against a standard of reference. MR imag-
ing was performed on high field system (1.5 Tesla)
magnet units (Philips Intera and achieva and Sie-
mens MAGNETOM Symphony) using a phased
array coil to cover the whole liver.

Respiratory triggering technique was used.

In our study, we used three different b-values
which were b0, b500 and b1000.

Imaging evaluation:

The morphological features of each lesion were
recorded included size, shape, margin, signal char-
acteristics, pattern of enhancement in the dynamic
imaging as well as number and site of the detected
focal lesions. Then provisional diagnosis was
reported. Second, we reviewed the diffusion images
for final radiological characterization and detection
of focal lesions.
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ADC calculation:

ADC values were calculated for all patients
and the mean ADC of each focal lesion detected
is measured by drawing a region of interest over
the lesion. The ADC was measured twice and the

two measurements were averaged. To ensure that
the same areas were measured, regions of interest
were copied and pasted from DW images to ADC
maps. Analysis was done by an automated appli-
cation available on the scanner.

Table (1): Shows the MR protocol that was performed in both  institutes.

Pre-contrast imaging Dynamic study Diffusion study

T1 weighted images:
Repetition time (TR) = 10msec
Echo time (TE) = 4.58msec
Matrix 179/320
Slice thickness 7-8mm
Slice gap 1-2 mm
FOV: 355mm.

T2 weighted images:
TR ≥445ms
TE = 26-28msec
Matrix 180-200 X 240 with a field of view: 365
Slice thickness 7-8mm
Slice gap 1-2mm.
(Free-breathing, one shot technique)

In phase and out phase gradient echo sequence (Dual/FFE):
TR = 75-100msec,
TE = 4.6msec for in phase and 2.3msec for out phase
Matrix 143 X 240 with a field of view: 345
Slice thickness 7-8mm
Slice gap: 0mm.

Heavy T2 weighted images:

TR = 520msec
TE = 200msec
Matrix 235/384 with a field of view: 375
Slice thickness: 7-8mm
Slice gap 1-2mm.

Performed after bolus
injection of 0.1mmol/kg
body weight of Gd-DTPA at
a rate of 2ml/s, flushed with
20ml of sterile 0.9% saline
solution from the antecubital
vein. The injection of con-
trast media and saline solu-
tion was performed manual-
ly. Dynamic imaging using
T1 THRIVE (High Resolu-
tion Isotropic Volume Ex-
amination) technique was
performed in triphasic way [
arterial phase (16-20sec.),
porto-venous phase (45- 
60sec.) and delayed equilib-
rium phase (3-5min.)] after
administration of contrast
media.

Respiratory-triggered
fat-suppressed single-shot
echoplanar DW imaging
was performed in the trans-
verse plane with tri-
directional diffusion gradi-
ents by using b-values 0,
500 & 1000sec/mm2 to in-
crease sensitivity to cellular
packing. Parallel imaging
with generalized auto-
calibrating partially parallel
acquisition (GRAPPA) with
an acceleration factor of
two was applied to improve
image quality. The other
parameters were as follows:
Repetition time (TR) >_1880
msec, echo time (TE) = 70
msec, number of excita-
tions (NEX) = 3, matrix
256 X 256 with a field of
view as small as possible
with 52% rectangular field
of view, slice thickness 7- 
8mm, slice gap 1-2mm,
scan time 3-4min.

Results % Split of patients/lesion category

All of the patients were subjected to both diffu-
sion and dynamic study. All of the images were
technically appropriate and presented a good quality.
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Fig. (1): Count of various types of lesions.

Fig. (2): Percentage of small and large lesions.

Fig. (3): Percentage of lesions according to their 
nature.

Malignant
33% Benign

67%

Abscess

Adenoma

Biliary cystadenoma
Cholangio-
carcinoma

Cyst

Focal nodular hyperplasia

Hamartomas

HCC

Hemangioma
Hemorrhagic

cyst

Hydatid cyst 

Metastasis

% More
than 1cm

77%

% Less than and
equal to 1cm

23 %



232 Role of DWI in Detecting & Characterizing Benign & Malignant Liver Tumors

9

17

9

22

30

25

20
15

10
5

0
0.9-1.13 1.14-1.70 1.71-3.02

Cysts

Fig. (4): Range of ADC values of benign and
malignant lesion.

Malignant Benign

(5A) Coronal T2W1 (5B) Axial T1W1 (5C) Axial T1 fat suppression W1

Fig. (5): (A-C) Coronal T2WI, Axial T1WI and T1 Fat suppression WI respectively. Imaging of a patient showing a large
right infero-posterior hepatic lobe (segment VI) cystic lesion. Hyperintense T2 and hypointense T1 signal intensities with 
areas of hypointense T2 and hyperintense T1 signal intensities which persistently appear hyperintense in T1 fat suppression. 
Images likely representing hemorrhagic component.

(5D) Axial DWI b500 (5E) Axial DWIs b1000 (5F) Axial ADC map

Fig. (5): (D-F) Axial Diffusion WIs b500 and b1000, ADC map respectively, patient with right hepatic lobe cystic 
lesion that appears to be bright in the DWI with b-value 500 due to the T2 shine through effect and with increasing the b-
value it became less bright due to masking of the T2 effect, while the hemorrhagic areas appear heterogeneously bright in 
the DWIs. In the ADC map the cyst appeared bright with the hemorrhagic areas appearing of low signal intensity.

Hepatocellular Carcinoma

Fig. (6): (A, B) Axial post contrast
T 1 WIs arterial and porto-venous phas-
es, imaging of a patient showing a left
hepatic lobe well defined focal lesion
showing intense early arterial enhance-
ment with wash out of contrast in the
porto-venous phase.

(6A) Axial post contrast T1 arterial (6B) Axial post contrast T1 porto-venous
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(6C) Axial DWI b500 (6D) Axial DWI b1000 (6E) Axial ADC map

Fig. (6): (C-E) Axial diffusion WIs b500 and b1000, Axial ADC map, showing the previously seen left hepatic lobe focal
lesion being bright in the diffusion WIs at both b-values 500 and 1000, while the lesion appears of low signal intensity in ADC
map denoting restriction.

Adenoma

(7A) Coronal T2 WI (7B) Axial T2WI (7C) Axial T1 Fat suppression

Fig. (7): (A, B) Coronal and Axial T2 Wis patient imaging showing a right hepatic lobe rather rounded hyperintense focal
lesion. (C) Axial T1 fat suppression showing the right hepatic lobe focal lesion being hypointense denoting fatty content of the
lesion suggesting the possibility of adenoma.

(7D) Axial DWI b0 (7E) Axial DWI b500

(7F) Axial DWI b1000

Fig. (7): (D-F) Axial diffusion WIs b0, b500 and b 1000,
showing the right hepatic lobe focal lesion being hyperintense
at the three different b values denoting restriction within the
lesion.

Discussion

Although T 1 and T2 weighted MRI images are
able to localize liver lesions, the drawback is that

lesions appear similar to ducts and vessels, 
creating a need for more diagnostic imaging 
techniques. Diffusion imaging allows for focal 
liver lesions to be more accurately described.
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In this study, a total of 60 patients underwent
a series of imaging protocols, shown in (Table 1),
in order to characterize their liver lesion. In our
study, three different b-values were used which 
is in line with studies performed by Qayyum, 
2009 and Parikh et al., 2008. The use of low b-value 
(b0 sec/mm2) was beneficial in detection of 
focal lesions. This is due to the signal loss in 
highly mobile water molecules such as those 
within vessels. The use of higher be values (500-
100mm/sec2) was of use in tissue characterization 
which was due to the restriction of water movement 
in highly cellular tissues such as tumors and 
therefore these tissues retain their signal even at 
high b-values
[4,7].

As a general observation, both benign and
malignant solid lesions may demonstrate residual
high signal intensity on higher b value images and
this makes it difficult to depend only on inspecting
and reviewing the images to characterize the lesion's
nature.

This is highlighted in previous studies (Taouli
and Koh, 2010 and Parikh et al., 2008) showing
that it is difficult to characterize focal lesions with
visual assessment of the DW MR images alone.
Hence, once a cellular hepatic lesion is identified
visually, further characterization usually relies on
conventional morphologic (with or without contrast
enhancement) imaging, supplemented with ADC
measurements.

Our study included various types of liver lesions
that varied in size, type and multiplicity which are
represented in Figs. (1-4). The diffusion images
aided in diagnosis of malignant lesions with dif-
ferent components which agreed with conclusion
made by Taouli and Koh, 2010, that DW MR im-
aging is useful in distinguishing the different com-
ponents of tumors (cystic and/or necrotic vs. solid
components).

Wide range of ADC values were detected which
varied between the benign and malignant lesions
with the following ranges Fig. (4):
• Malignant lesions ranged from 0.9 X 10–3 to 1.13

X 10–3mm2/sec.

• Benign lesions ADC values ranged from 1.71 X
10–3 to 3.02 X 10–3mm2/sec.

• The range of ADC values that the benign and
malignant focal lesions overlapped ranged from
1.14 X 10–3 to 1.70 X 10–3mm2/sec.

The absolute ADC values of the different types
of lesions were not similar, which is probably due
to differences in techniques applied (b-value, breath

measurement methods, and mathematical technique
applied). This finding was also stated by Kele and
Van der Jagt, 2010, where they stated that in spite
of the increasing number of studies dealing with
quantitative measurements of ADC in liver lesions,
there are many discrepancies in the reported ADC
values with no defined cut-off value for ADC
values in normal parenchyma, benign and malignant
lesions. This is often associated with many technical
parameters such as the use of respiratory-triggered
versus breath-hold diffusion-weighted protocol.
Respiratory triggering technique was used in our
study which was suggested by Taouli and Koh,
2010, who mentioned that when assessing liver
lesions, this technique results in high-quality images
with good anatomic details.

It was noted, in our study, that benign hepatic
lesions have generally higher ADC values compared
with malignant lesions Fig. (4). However, variable
degree of overlap was noted with no definite cut
off value, which was also mentioned in previous
studies [7,9,10]. This could differ based on.

Although there is no definite ADC cutoff value,
our study showed similar findings to those found
in other studies as:

Cysts (including simple cysts, hemorrhagic
cysts, hydatid cysts) (2.4±0.80 X 10–3mm2/sec)
had the highest mean ADC values in the present
study, which was in line with other studies such
as Miller et al., 2010, with mean ADC value of 3.
40±0.48 X 10–3mm2/sec. Koike et al., 2009 found a 
mean ADC value of 2.61±0.45 X 10–3mm2/sec.
Bruegel et al., 2008, revealed a mean ADC value
of 3.02±0.31 X 10–3mm2/sec. Parikh et al., 2008,
with mean ADC value of 2.54±0.67 X 10–3mm2/sec.
An example of one of the patients that was diag-
nosed with a cyst is shown in Fig. (5).

The ADC value detected for hepatocellular
carcinoma, the most common primary malignant
liver lesion, showed an ADC value ranging from
from 1.05 X 10–3 to 1.38 X 10–3mm2/sec which
was nearly similar to the study conducted by Parikh
et al., 2008. Showing ADC values of 1.31 X mm2/
sec ±0.3310–3. Imaging for a patient with hepato-
cellular carcinoma is shown in Fig. (6).

There was a significant overlap between ADC
values of adenoma (mean ADC value of 1.28±0.
13 X 10–3mm2/sec) and the ADC values of the different
malignant lesions with no statistically significant
differences. Unfortunately, it wasn't possible to
differentiate between them on basis of their ADC
values nor on their appearance on DWIs, as they
all show restricted diffusion. This data was in line
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with Miller et al., 2010 and Parikh et al. 2008, they
found considerable overlap of solid benign and
solid malignant lesions and stated that there were
no statistically significant difference in ADC values
between hepatic adenomas, focal nodular hyper-
plasia, cholangiocarcinoma and hepatocellular
carcinoma. Imaging for a case of adenoma shown
in Fig. (7).

We discovered that there can be substantial
overlap in the range of values between different
pathologies so the ADC should be interpreted
concurrently with all available imaging before
making the radiological diagnosis as previously
suggested [5,7].

Conclusion:

In our study, we concluded that diffusion-
weighted MRI sequence with quantitative ADC
measurements should be used as an additional
sequence to supplement conventional MRI protocol
studies for proper detection (using low b-values)
and characterization (using high b-values) of solid
liver lesions.

Overall, DWI can potentially improve care of
patients with cancer and cirrhosis by improving
liver lesion detection over that achieved with
standard breath-hold T2-weighted imaging and can
be used to supplement conventional MRI protocol
studies for proper characterization of solid liver
lesions.
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