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Diffusion weighted imaging provides qualitative and
quantitative information about the diffusion properties. It
adds a new dimension to the magnetic resonance imaging
(MRI) examinations by adding functional information to
the largely anatomical information gathered by the
conventional sequences. DWI uses is increasing over the
past fewyears inextracranial organs including theabdomen
and pelvis. Although further studies are needed to
determine its performance in evaluating bile duct,
gallbladder , pancreas and Liverdiseases, DWI has potential
in the assessmentof the functional information on the Liver
concerning the status of tissue cellularity. It is just because
increased cellularity is associated with impeded diffusion,
as indicated by a reduction in the apparent diffusion
coeff icient. DWI should be included as a basic sequence in
the routine MRI studyof the liveras it helps in diagnosisand
so reaching a f inal diagnosis or at least trying to narrow the
listof differential diagnosis .

Abstract

Introduction:
MRI plays an important role in the evaluation of patients
suffering from liver disease due to its high contrast
resolution, lack of ionizing radiation, and the possibility of
performing functional imaging sequences With advances
in hardware and coil systems, diffusion weighted imaging
(DWI) can now be applied to liver imaging with improved
imagequality (Qayyum, 2009; Taouli & Koh, 2010).

Diffusion-weighted magnetic resonance imaging
(DWI) provides information on the random (Brownian)
motion of water molecules in the body. The degree of
restriction to water diffusion in biological tissues is directly
proportional to tissue cellularity and the integrity of cell
membranes. With the continuous development and
improvement of hardware and software of magnetic
resonance imaging (MRI), the use of parallel acquisition
techniques to reduce scan time and improve spatial
resolution, and the wide application of the shortened echo
chain technique in spin-echo echo-planar imaging (SE-
EPI), diffusion-weighted imaging (DWI) has been
increasingly used in a wide range of clinical applications
(Bammer & Schoenberg, 2004; Koike et al. 2009). The
degree of water motion is found to be proportional to the
degree of signal attenuation in DWI. Thus, more cellular
solid tumors show relatively higher signal intensities and
exhibit lower apparent diffusion coeff icient (ADC,

expressed in mm2/s) values on DWI using two or more b
values than do less cellular tissues. Recently, this utility of
DWI has been expanded to examination of abdominal
organs; the ADC values of malignant masses are
signif icantly lower than those of benign masses in the liver,
pancreas, kidney, and prostate, although there is a small
degree of overlap (Taouli ., 2003; Parikh ., 2008;
Fattahi etal. 2009; Saremi ., 2009 & Zhang ., 2008).

Pathological conditions, such as tumors, cytotoxic edema,
abscesses, and f ibrosis, in which the physical nature of the
intracellular and extracellular spaces changes, result in
increased restriction of the diffusion of water molecules. In
tissues of low cellularity or where the cellular membranes
have been disrupted, the diffusion of water molecules is
relatively freeor less restricted (Fig.-1) (Koh & Collins, 2007;
Qayyum, 2009; Thoeny ., 2013; Saremi ., 2009;
Patterson ., 2008).

Within biologic tissues, the movement of water is not
completely random, but rather, is impeded by the
interaction with tissue compartments, cell membranes,
and intracellular organelles. For purposes of
simplif ication, water movement in tissues may be
categorized as intravascular, intracellular, or extracellular
(Fig.-1). (Qayyum, 2009; Patterson ,2008).
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The sensitivity of a DWI sequence to water diffusion can be
altered by changing the parameter known as the b value,
which represents the diffusion factor (measured in s/mm2)
and thestrengthof thediffusiongradients. DWI isobtained
with at least two different b values. The images obtained at
different b values allow the quantif ication of the ADC of
tissues, which is usually displayed as a parametric (ADC)
map. The mean or median ADC value can be measured by
drawing regionsof interest (ROIs) on the ADC map. Tissues
with restricted diffusion and high cellular density show low
ADC values, whereas tissues with less cellular density show
higherADCvalues (Koh & Collins 2007; Qayyum, 2009).

The signal intensity of DWI is dependent on the
diffusion of water molecules and T2 relaxation time. Thus,
an area with a very long T2 relaxation time (e.g., bile in the
biliary tract) maintains high signals on high-b-value DWI,
and can be mistaken for restricted diffusion. This
phenomenon is known as the “T2 shine-through” effect
(Plate-2). The T2 shine-througheffect inevitablyconfounds
DWI images, and the ADC map eliminates this effect.
Moreover, because this technique is usually performed
using a single-shot EPI technique, the signal-to-noise ratio
and lesionconspicuityare reduced. Incontrast, respiration-
triggered DWI provides higher signal-to-noise and
contrast-to-noise ratios, although its acquisition time is
longer than that of breath-hold DWI (Koh , 2007 &
Kandpal , 2009).

Unlike brain imaging where b values are well
established, b values in other parts of the body vary widely
between investigators. Thus, b values for body imaging
requireoptimization.

et al.
et al.

Choiceofbvalues & sequenceoptimization:

Evaluation Liverlesion:

Because of the relatively short T2 relaxation time of the
normal liver parenchyma, the b values used for clinical
imaging are typically no higher than 1000 s/mm . Applying
a small diffusion weighting of b less than 100–150 s/mm
nulls the intrahepaticvascularsignal, creating the so-called
black-blood images, which improve the detection of focal
liver lesions (Plate-2) while higher b values (P500 s/mm )
give diffusion information that helps in focal liver lesion
characterization. Hence, when performing DW MR
imaging in the liver, it is advantageous to perform imaging
by using both lowerand higher b values ( ., b P 50, b P100,
& b P 500 s/mm ) (Parikh ., 2008; Hussain ., 2005;
Van den Bos & Wielopolski, 2008; Taouli ., 2003).
Quantitative analysis of diffusion-weighted imaging
f indings can be performed only if at least two b values are
used for imaging (Taouli ., 2007; Taouli ., 2008;
Chandarana & Taouli, 2010). In clinical practice, higher-b-
value DWI (usually 800-1000 s/mm2) results in a reduction
of the signal from moving protons in the bile ducts, cyst,
vessels, and fluid in the bowel. This leads to a reduction in
the T2 shine-through effect, resulting in increased contrast
between lesions and visceral organs such as the liver or
gallbladder. However, the tradeoffs of higher-b-value DWI
are a lower signal-to-noise ratio, the possibility of ADC
error, and increased imagedistortiondue to the longerecho
time required (Koh ., 2007; Kandpal ., 2009;
Whittaker ., 2009; Saremi ., 2009). ADC
measurements are then recorded for a given region by
drawing regions of interest on the ADC Map (Qayyum,
2009; Taouli, 2010; Boll & Merkle, 2009; Berman ., 2004;
Furukawa ., 2001; & Takeuchi ., 2003).

DWI is helpful in focal liver lesion detection and
characterization and can be used as an alternative to
Gadolinium-enhanced MRI in patients with Liver
dysfunction (Chan ., 2001). Clinical applicationsof DW
MRI include treatment response monitoring and
prognostication in patients receiving systemic and focal
ablative therapies for hepatic and pancreatic malignancies
(De Robertis ., 2015; Cuneo ., 2014; Kurosawa .,
2015; Mannelli ., 2013). Hardie . (2010) compared
the utility of DWI in detection of liver metastases. They
reported that DWI has 66.3% sensitivitycompared to 73.5%
for CE-MRI and hence it can serve as a useful alternative for
thispurpose.

DW MR imaging has been investigated in diffuse
hepatic parenchymal diseases such as non-alcoholic fatty
liver disease and hepatic f ibrosis. However, its clinical
applicability is questionable as it suffers from multiple
confounders making quantifying liver f ibrosis through
ADCdiff icult (Hong ., 2015).

Hepatic abscesses are def ined as intrahepatic single or
multiple collections of pus within the liver. Those result
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Figure-1: Schematic illustrating water molecule movement. In (A)
water molecules in a container alone move randomly
(Brownian motion). In (B) highly cellular tissue impedes the
movement of water molecules. Their movement can be
categorized as intravascular, intracellular, or extracellular. In
(C) tissue of low cellularity or with defective cells permits
greaterwater molecule movement. Tissueswith lowcellularity
or that consist of cells with disrupted membranes permit
greatermovementof watermolecules.
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Plate-1: Liver abscesses complicating acute cholangitis in a 79-year-
old man. : DWI at b = 1000 s/mm shows multiple liver
abscesses with high signal intensity (arrowheads); : Multiple
abscesses with peripheral rim enhancement (arrowheads) are
less conspicuous on contrast-enhanced fat-saturated T1-
weighted images (B) than on DWI (A); : On an ADC map,
multiple abscesses appear as low signal intensity (arrowheads)
due to restriction of diffusion. DWI: Diffusion-weighted
magnetic resonance imaging; ADC: Apparent diffusion
coeff icient. DWI using high b values can be useful for the
detectionof cholangiocarcinomaassociated to hepatolithiasis .
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Plate-2: Intrahepaticcholangiocarcinoma (mass-forming type) in a
71-year-old man. : Nonenhanced CT image shows intrahepatic
cholangiocarcinoma in the left lobeof the liver (asterisk), stones
in the dilated left bile ducts (arrow), and a fluid collection in the
lesser sac (arrowhead); : DWI at b = 1000 s/mm shows
intrahepatic cholangiocarcinoma with high signal intensity
(asterisk). Note a fluid collection (arrowhead) in the lesser sac,
which appears as signif icant attenuation of the signal intensity
reduction at a high b value; : On the ADC map,
cholangiocarcinoma appears as low signal intensity (asterisk)
due to restriction of diffusion. DWI: Diffusion-weighted
magnetic resonance imaging; CT: Computed tomography;

2

a

b

c

aa bb cc

ADC: Apparent diffusion coeff icient. Central hypointensity of
the mass lesion may be seen on T2-weighted images and DWI
using high b values, which may reflect f ibrotic tissue in the
central portion of the tumor. DWI may be helpful for the
detection of malignant bile duct lesions causing a variable
degree of intrahepatic bile duct dilatation, as well as for
differentiating between intrahepatic malignant and benign bile
duct lesions (Plate-3).

Figure 4: Cholangiocarcinoma (periductal-inf iltrating type) in a
70-yearold man. : Coronal image from thick-slab, single-shot
MRCP shows marked dilatation of the intrahepatic ducts and
abrupt narrowing at the confluence of the hepatic duct
(arrow); : DWI at b = 800 s/mm with inverted black-and-
white image contrast clearly depicts the mass (arrow) at the
confluence of the hepatic duct. DWI: Diffusion-weighted
magnetic resonance imaging; MRCP: Magnetic resonance
cholangiopancreatography
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from infectious cholangitis and are usually seen in patients
with suppurative cholangitis. Pyogenic abscesses have
variable signal intensities on T1- and T2-weighted images.
Abscesses can be a life-threatening emergency if not
recognized and treated timely (Méndez , 1994).

DWI is helpful in the early detection of abscesses and
their differentiation from cystic or necrotic tumors. On
DWI using high b values, abscesses appear hyperintense
with lowADCvalues (Plate-1) (Chan ., 2001).

Diffuse periductal thickening along the bile duct in the
periductal-inf iltrating type, causing mild-to-marked bile
duct dilatation, is seen in intrahepatic cholangiocarcinoma
(Chung ., 2001). Mass-forming intrahepatic cholangio-
carcinoma is usually large, achieving a diameter of up to 15
cm because early symptoms are rarely present. Thus, it is
readilydepicted on DWI and remains hyperintense on DWI
using high bvalueswith low ADC values; similar tovaluesof
othermalignant focal hepatic lesions (Plate-2).
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Discussion:
TMRI of the liver is an important tool for the detection and
characterization of focal liver lesions. With recent
advances in technology, functional MRI methods such as
DW is increasingly used in the abdomen with promising
results, particularly in the evaluation of focal liver diseases
(Sun , 2005; Chandarana & Taouli, 2010; Parikh .,
2008). Although MRI is more superior and less hazardous
than CT in the diagnosis of hepatic lesions, it needs a
cooperative patient during a relatively long time of
examination while compared with CT and also it is more
expensive than CT Images with higher b values provide
d i f f u s i o n i n f o r m a t i o n t h a t a i d s i n l e s i o n
characterization.18,41 Malignant lesions have lower mean
ADC values than benign lesions, with varying degrees of
overlap (Sun ., 2005; Parikh ., 2008; Gourtsoyianni

., 2008).
There are few technical limitations of diffusion-

weighted imaging in the liver are also exist in it. As DWI is
susceptible to a variety of artifacts that arise from motion,
physiological motion artifacts such as respiratory motion,
cardiac pulsation, movement of the diaphragm, and
motility of the bowel lead to ghosting images and blurring.
The pulsatile motion of the heart and aorta obscure or
diminish visualization of and increase ADC in the left lobe
of the liver. These artifacts can be overcome using
respiratory or electrocardiographic triggering. The EPI
technique produces a low spatial resolution and signal-to-
noise ratio. The rapid on and off switching of the high-
intensity gradient f ield easily produce eddy currents,
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leading to geometrical distortion and image shearing
artifacts that may become more pronounced with increased
b values. DWI is also highly sensitive to magnetic f ield
inhomogeneity (Koh , 2007; Le Bihan ., 2006).
detection of small malignant bile duct lesions is limited on
DWI because tumor detection with DWI is affected by
variable causes, such as a low spatial resolution of higher-b-
value DWI, tumorcellularity, bowel peristalsis,
and artifacts (Wang ., 1999).

Furthermore, there remain substantial technical
hurdles, even though the rapid evolution of MRI systems is
making ever more powerful approaches possible. Such
improvements are particularly welcome given the limited
signal-to-noise ratio of diffusion overall. Nevertheless,
these initial dataarepromising (Guye ., 2003).

DWI reflects the micro-movements of water molecules. It
produces images by comparing the inter-tissue diffusion
coeff icient. The composition of tissues, and the functional
status of water exchange between tissue components
affected by pathological or physiological status, given the
fact that DWI is inherently T2-weighted. An extra-long T2
relaxation time can also show as continuously higher signal
intensity in DWI, which may then be misdiagnosed as
restricted diffusion. This is known as the T2 shine-through
effect (Roberts ., 2003; Castillo, 2003). To avoid this
effect, ADC values can be calculated using two images
obtained under different b values. The ADC map can then
be used to overcome the T2 shine-through effect by
observing the relative reduction in signal in images
obtained under different b values. DWI is now widely
applied to the detection and conf irmation of cancer in liver,
pancreas, kidney, colon, and prostate (Parikh ., 2008;
Matsuki ., 2007; Zhang ., 2007; Ichikawa .,
2006; Issa, 2002).

DWI is an importantcomplementary sequence with the
routine MRI of the liver that helps in lesion quantif ication
and characterization in a hope to reach a f inal conf ident
diagnosisand inordertoreduce the rateof biopsy. Although
the MRI is a safe technique without exposure to radiation it
has some disadvantages as the examination takes a longer
time than in CT and it is also more expensive than CT.
Therefore, MRI and DWI should be used in selected lesions
where theirusewould add benef it tothepatient.
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