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Contribution of diffusion-weighted MRI to the
differential diagnosis of hepatic masses

Ozgiin ilhan Demir, Funda Obuz, Ozgiil Sagol, Ouz Dicle

PURPOSE

To evaluate the diagnostic contribution of diffusion-
weighted magnetic resonance imaging (MRI) using
apparent diffusion coefficient (ADC) values to the
characterization of hepatic masses and differentiation
of benign and malignant lesions.

MATERIALS AND METHODS

The study included 30 patients that underwent up-
per abdominal MRI examinations because of hepatic
masses that were found to be >1 cm in size with con-
ventional sequences, and were additionally evaluated
with diffusion-weighted MRI. Diffusion-weighted im-
ages and ADC maps in the axial plane were obtained
using a 1.5 Tesla MRI device, single shot echo-planar
spin echo sequences on 3 axes (X, y, z), and diffu-
sion sensitive gradients with 2 different b values (b =
0 and b = 1000 s/mm?). Mean ADC measurements
were calculated among the 30 cases involving 41 he-
patic masses.

RESULTS

Of the 41 hepatic masses, 24 were benign and 17
were malignant. Benign lesions included 6 cysts, 14
hemangiomas, 2 abscesses, and 2 hydatid cysts. Ma-
lignant masses included 8 metastases, 4 hepatocellu-
lar carcinomas, 4 cholangiocellular carcinomas, and
1 gall bladder adenocarcinoma. The highest ADC
values were for cysts and hemangiomas. The mean
ADC value of benign lesions was 2.57 + 0.26 x 1073
mm?/s, whereas malignant lesions had a mean ADC
value of 0.86 + 0.11 x 103> mm?/s. The mean ADC
value of benign lesions was significantly higher than
that of malignant lesions (P < 0.01).

CONCLUSION

Diffusion-weighted MRI with quantitative ADC meas-
urements can be useful in the differentiation of be-
nign and malignant liver lesions.
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or secondary masses can be detected. Today, focal masses are di-

agnosed using ultrasonography (US) and/or computed tomogra-
phy (CT). Additionally, magnetic resonance imaging (MRI) is preferred
when further characterization of these masses is needed. MRI has many
advantages (e.g., high contrast resolution, the ability to obtain images
in any plane, lack of ionizing radiation, and the safety of using particu-
late contrast media rather than those containing iodine) that make it
a favored modality. Lesion morphology, signal intensity, and contrast
enhancement pattern are taken into consideration when characterizing
masses with MRI; however, even if the data are evaluated together, there
can still be difficulties in the differentiation of benign and malignant le-
sions. Although dynamic contrast enhanced examinations have become
a routine component of abdominal imaging, the high cost/benefit ratio
and risk of contrast media side effects remain an issue. Moreover, some-
times it is not possible to distinguish between highly vascular metastases
and hemangiomas, even using dynamic examinations (1). In hepatic
MR, artifacts due to cardiac activity, respiration, and intestinal peristal-
sis can negatively affect imaging quality, especially in T2-weighted se-
quences, which require a relatively long time to acquire, particularly in
elderly patients.

Diffusion-weighted MRI, first used for the early diagnosis of stroke in
neuroradiology, is a technique that acquires an image during a single
breath-hold and does not require contrast medium (2-4). In the past,
this technique was limited to cranial examinations because of its sen-
sitivity to cardiac, respiratory, and peristaltic movements; however its
usage has spread among other body parts after the development of fast
MRI sequences, like eco-planar imaging (EPI). Muller et al. first reported
in 1994 on diffusion-weighted MRI of normal hepatic, splenic, and mus-
cular tissues, as well as on focal and diffuse hepatic diseases, and ob-
tained significant results (5). In the years that followed, several studies
on liver, kidney, and other abdominal organs examined with diffusion-
weighted MRI were published (6-13). In these studies it was shown that
apparent diffusion coefficient (ADC) values of normal tissues and lesions
can be measured using diffusion-weighted images, and the differences in
ADC values can be used in the differential diagnosis.

The major aim of the present study was to measure the ADC values
of benign and malignant focal mass lesions of the liver using diffusion-
weighted MRI and to determine their contribution to differential diag-
nosis.

The liver is an organ in which various benign or malignant primary

Materials and methods

The study included conscious adult patient volunteers over 18 years of
age with primary or metastatic hepatic tumors, or non-tumoral masses
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that were determined by US or CT be-
tween November 2003 and June 2005.
Patients with a poor general condition,
who were unable to maintain a breath-
hold, or had a contraindication for
MRI (i.e., MRI incompatible prosthesis
and cardiac pace-maker holders) were
excluded from the study. The study
protocol was approved by the ethical
committee of our university and all
the patients gave informed consent.
Patients were between 18 and 88 years
old (mean age, 54.4 years). In all, 30 pa-
tients (15 males and 15 females) with a
total of 41 hepatic masses participated
in the study.

Simple hepatic cysts (n = 6) were
diagnosed with typical US and MRI
findings. Hemangiomas (n = 14) were
diagnosed easily with their character-
istic MRI findings and typical contrast
enhancement patterns. Histopatho-
logical evaluations were performed
to diagnose pyogenic and amoebic
abscesses following surgery. One hy-
datid cyst was diagnosed histopatho-
logically and the other one based on
serologic and radiological features.
Of the 8 metastatic masses, 5 were
encountered in patients with known
primary malignancy (2 breast cancers,
1 lung cancer, 1 renal cell carcinoma,
1 Hodgkin’s lymphoma) and with di-
agnosed metastasis, as they were dis-
covered during routine screening and
they tended to increase in size with
time. The 3 remaining metastatic liver
masses were evaluated with biopsy
and diagnosed as metastatic adeno-
carcinoma of unknown origin. One
of the cases was diagnosed with imag-
ing techniques (CT and MRI) and ap-
peared to be a gall bladder tumor with
local hepatic invasion. Of the 4 lesions
of primary hepatocellular tumors of
the liver, one was a hepatoblastoma,
diagnosed histopathologically. The 3
remaining lesions were hepatocellu-
lar carcinoma (HCC) cases with por-
tal vein thrombosis, of which 2 were

Table 1. Distribution of lesions according
to size

Size of lesions Number of lesions

1cm 3
1-5cm 13
5-10 cm 13
>10 cm 12

diagnosed histopathologically, and
one with MRI. Among the 4 cases of
cholangiocellular carcinoma, 2 were
diagnosed histopathologically and
the others with MRI. The 41 masses
ranged in diameter from 1 to 17 cm
(mean diameter, 7.4 cm) (Table 1).
Routine upper abdominal MRI ex-
aminations were performed in the 30
patients using a 1.5 Tesla MRI device
(Gyroscan Intera, Philips, ACS-NT,
Best, The Netherlands) and a phased
array coil. Routine examinations were
composed of the following sequences:
fat suppressed TSE T2-weighted (TR/
TE, 1600/70 ms; flip angle, 90°; slice
thickness, 5 mm; FOV, 375 mm); TSE
heavily T2-weighted (TR/TE, 1320/
325 ms); gradient echo in-phase and
opposed-phase T1-weighted (TR/TE,
192/5 ms [in-phase], 250/7 ms [op-
posed-phase]; flip angle, 80°); contrast
enhanced dynamic T1-weighted im-
ages (TR/TE, 176/7 ms; flip angle, 70°)
in the axial plane. Diffusion-weighted
MRI examinations were performed be-
fore contrast enhanced slices were ob-
tained. Diffusion-weighted sequences
(TR/TE, 4200/95 ms; flip angle, 90°%
slice thickness, 5 mm; FOV, 230-340;
breath-holding time, 50 s) in the axial
plane were performed, applying gradi-
ents (in order to sensitize SE sequence
to diffusion) to single-shot echo-pla-
nar sequences in all 3 axes (x, y, z), and
2 different b values (b = 0 s/mm?2 and b
= 1000 s/mm?). The first series of the
image set was composed of echo-pla-
nar spin echo T2-weighted images (b
=0 s/mm?), the next 3 series of images
were applied to the first series in x, vy,
and z axes (value of diffusion sensitive
gradients, b = 1000 s/mm?), and the

last series of isotropic images were cal-
culated from the projection of the dif-
fusion vectors in all 3 axes. Isotropic
images consisted of images that were
calculated by obtaining the cube root
of multiplication of signal intensities
that were measured by the device in
X, y, and z axes, and images that re-
moved axes-dependent signal differ-
ences. ADC maps regarding isotropic
images were formed automatically by
the device and all mean ADC values
of the lesions were measured on those
maps.

A circular region of interest (ROI) 1
cm in diameter was used in order to
measure the lesions. In large lesions
the mean value of 3 different ROI
measurements on the same slice was
calculated. Again, for every lesion, a
mean ADC value was determined by
taking the mean of ADC measurements
of successive slices. For heterogeneous
lesions, measurements were performed
from contrast enhanced solid parts on
conventional sequences and post-con-
trast images. The ADC value of lesions
1 cm in diameter was established using
a single ROI. Statistical analyses were
performed using the Mann-Whitney U
test in a computer software (SPSS Inc.,
Chicago, Illinois, USA).

Results

The mean ADC value of the 24 be-
nign lesions was 2.57 + 0.26 x 1073
mm?/s. ADC values of benign lesions
were between 1.09 + 0.32 x10-3 and
3.36 £ 0.28 x 10" mm?/s (Table 2). The
highest ADC value was for simple cysts
(Fig. 1). Among the benign lesions, py-
ogenic abscesses had the lowest ADC
value (Fig. 2).

Table 2. Mean apparent diffusion coefficient (ADC) values according to lesion type

Lesion type

Mean ADC (mm?/s)

Simple cyst

Hemangioma

Hydatid cyst

Pyogenic abscess

Amoebic abscess

Metastasis

Hepatocellular carcinoma
Cholangiocellular carcinoma

Gall bladder tumor
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3.05£0.26 x 1073

246+0.21 x1073

2.99+0.24x1073

1.09+0.32x 1073

1.83+0.28 x 1073

0.79+£0.11 x1073

0.90+0.10 x 1073

0.95+0.13 x1073

0.87+£0.10 x 1073
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Figure 1. a—c. A 59-year-old female patient with a simple hepatic cyst. On axial fat suppressed T2-weighted MR image (a), a hyperintense
lesion consistent with a simple cyst in the right lobe of the liver is seen. On diffusion-weighted MR image (b), the lesion is isointense compared
to the liver. Hyperintensity on the ADC map (c) regarding apparent diffusion increase (mean ADC, 3.24 + 0.21 x 1073).

lesion in right lobe is seen. Increase in intensity due to diffusion restriction on diffusion-weighted MRI (b). Increase in intensity confirming
diffusion restriction on ADC map (c) (mean ADC, 1.09 + 0.32 x 1073).

The ADC values of the 17 malignant
lesions were between 0.54 = 0.07 and
1.24 + 0.14 x 10 mm?/s, with a mean
value of 0.86 = 0.11 x 103 mm?/s (Ta-
ble 2, Fig. 3). Among the malignant
lesions, the lowest ADC value was for
breast cancer metastasis, while cholan-
giocellular carcinoma had the highest
value (Fig. 4). The difference between
the mean ADC values of benign and
malignant lesions was statistically sig-
nificant (P < 0.01).

Discussion

Diffusion is the term used for the
randomized microscopic movement of
water molecules. Diffusion is known to
be a sensitive parameter in microscop-
ic tissue characterization. Currently, it
is possible to determine diffusion by
measuring diffusion-weighted MRI and
ADC in vivo (14). Diffusion-weighted
imaging can be performed after strong
bipolar pulses are added to spin echo
or gradient echo sequences, by sensi-
tizing the water in tissue to diffusion.
Thus, the mobility and viscosity of
water molecules can be evaluated, and
water balance between intracellular
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and extracellular compartments can be
seen (15).

Diffusion-weighted MRI examina-
tions have many technical restrictions,
such as respiratory, cardiac, or peristal-
tic physiologic activity, all of which af-
fect image quality and make evaluation,
which is very sensitive to motion, more
difficult. Consequently, prior to the
development of fast MRI techniques,
diffusion-weighted imaging was lim-
ited to cranial examinations. With the
development of echo-planar imaging,
a fast MRI technique, radiologists have
overcome the long imaging times and
related artifacts of conventional tech-
niques, and diffusion-weighted MRI is
now available for abdominal evalua-
tions as well (5, 16).

The amount of diffusion is defined
using the diffusion coefficient. Diffu-
sion coefficient measurement in vivo is
affected by several factors in biological
tissues. Capillary perfusion, tempera-
ture, magnetic sensitivity of the tissue,
and motion affects the actual diffusion;
therefore, the term “apparent diffusion
coefficient” (ADC) is used rather than
“diffusion coefficient” (17).

The following formula is used to cal-
culate ADC:

SI/Sl,, = exp(-b x ADC) (18)

where SI indicates the signal intensity
of the diffusion gradient (b) applied to
the image, Sl is the signal intensity
prior to the gradient application and
b is the value of the applied diffusion
gradient.

The formula can be applied as fol-
lows, when there are 2 different b val-
ues:

ADC = [In(S1/S2)] /(b2-b1) (19)

In order to calculate the diffusion
gradient (b), the following formula is
used which includes the gradient ap-
plication time (A), power of the gradi-
ent (G), time between gradients (A),
and gyromagnetic ratio (y):

b=y2 G2\ (A-N3)

In the present study, ADC measure-
ments of benign and malignant he-
patic masses were significantly differ-
ent, which supports similar previous
findings (8, 19-21). Cysts and heman-
giomas had the highest ADC values,
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Figure 3. a—c. A 47-year-old female patient with metastatic lung cancer. On axial fat suppressed T2-weighted MR image (a), a hyperintense
mass lesion with necrosis in the center is seen. Diffusion-weighted MR image (b) shows increased intensity due to diffusion restriction. The
lesion is observed as hypointense on ADC map (c) (mean ADC, 0.76 + 0.08 x 1073).

| * .
Figure 4. a—c. A 62-year-old male patient with cholangiocellular carcinoma. A hyperintense lesion with a slightly heterogeneous inner structure,
particularly in the right lobe, and extending to segment 4a-b is seen on fat suppressed T2-weighted MR image (a). Increase in intensity due
to diffusion restriction on diffusion-weighted MRI (b). Increase in intensity confirming diffusion restriction on ADC map (c) (mean ADC, 0.83 +
0.12 x 1073).

while malignant masses had the low-
est. The mean ADC value for cystic
lesions was 3.05 + 0.26 x 103 s/mm?,
whereas for hemangiomas it was 2.46 +
0.21 x 10 s/mm?. Overlapping values
were present among these 2 groups.
Two hemangiomas in our study had
ADC values >3.00 x 102 s/mm?2 (3.28
+ 0.19 and 3.07 + 0.17 x 103 s/mm?).
All the simple cystic lesions had higher
ADC values than mean ADC value of
hemangiomas (Fig. 1).

The lowest ADC values among the
malignant masses belonged to metas-
tases (Fig. 3). This data is similar to
Taouli et al.’s findings (20). Mean ADC
value for HCC was 0.90 + 0.10 x 1073
s/mm? and for cholangiocellular carci-
noma it was 0.95 £ 0.13 x 10 s/mm?
(Fig. 4). Mean ADC value for all ma-
lignant masses was 0.86 = 0.11 x 1073
s/mm?2.

The mean ADC value for the pyo-
genic abscess was 1.09 + 0.32 x 103
s/mm? (Fig. 2). This low value could
be related to the dense viscous content
of the abscess. According to a study
by Chan et al. on the use of MRI for

the differentiation of abscesses and
necrotic tumors (22), the mean ADC
value was significantly lower for he-
patic abscesses compared to necrotic
tumors and simple cysts (0.67 £ 0.35 x
1073 s/mm?). There were no necrotic or
cystic lesions among the malignant tu-
mors in our study. Thus, the pyogenic
abscess had a significantly lower ADC
value compared to simple cysts.

The mean ADC value was 1.83 + 0.28
x 10 s/mm? in our case of an amoebic
abscess. Different cavity content and vis-
cosity could have been the reason why it
was higher than the pyogenic abscess.

The mean ADC values of the 2 hy-
datid cysts were 3.03 + 0.22 and 2.95
+ 0.26 x 103 s/mm?2 Unexpectedly,
those values did not reflect an increase
in viscosity related to cyst contents,
and were not significantly different
from simple cysts. To the best of our
knowledge, there are no diffusion MRI
studies dealing with hydatid cysts in
the literature. With studies including
larger series, we think that important
data will be added to the literature on
the use of diffusion-weighted MRI for
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the differential diagnosis of hydatid
cysts and simple cysts.

As reported by Le Bihan et al., when
the b value is lowered, the diffusion
weight of the sequence becomes lower,
signal loss according to diffusion de-
creases, and ADC value increases (23).
In a study by Ichikawa et al., b values
were quite low (i.e., 1.6, 16, and 55)
and ADC values for abdominal organs
were high (19). They reported that
when the b value is kept low, factors
like perfusion and T2 time have greater
relative affect on ADC measurements.
For that reason, they concluded that
for abdominal diffusion studies, values
>400 s/mm? might reflect ADC meas-
urements more accurately (19). Our
study was carried out with b values of
0 and 1000 s/mm?; however, again,
Ichikawa et al. reported that higher b
values cause lower quality on diffusion-
weighted images and make evaluation
harder (19). In our study, adequate im-
age quality could not be obtained with
diffusion-weighted images because of
high b values; however, that was not
considered problematic since ADC

Demir et al.



map measurements were taken into ac-
count.

Namimoto et al. (8) used 2 different
b values (b = 30 and b = 1200 s/mm?)
in their study and on low b-value dif-
fusion-weighted MR images (in low
diffusion weighting) all masses were
observed as hyperintense, whereas on
high b-value images (in high diffusion
weighting) signals of cysts disappeared
and signals of hemangiomas obviously
decreased. In contrast, since there is
a limitation of diffusion in solid tu-
mors, they were also observed as hy-
perintense on high b-value diffusion-
weighted images.

In a study by Yamada et al. (24), ac-
tual diffusion coefficients (D) and ADC
values of hepatic lesions were meas-
ured, and D values were lower than
ADC values. They concluded that in
vivo capillary perfusion affected the
signals of diffusion-weighted images.
Only in cystic lesions that did not
have vascularity, ADC and D values
were equal. Yamada et al. used follow-
ing formula in order to calculate the D
coefficient:

SI/Slo = (1-f) x exp (-b.D) + f x exp (-b.D¥)

where D and D* represent actual and
fake diffusion coefficients, respective-
ly, and f indicates perfusion fraction
(23). According to this formula and the
study, f and D coefficients may be use-
ful for the characterization of hepatic
lesions (23).

In the present study, measurement
of actual diffusion was not our aim,
because perfusion, temperature altera-
tions, magnetic sensitivity, and mo-
tion affect diffusion measurements
in biological tissues. Therefore, ADC
measurements, with the contribution
of these factors, provided significant
results in lesion characterization.

We used 2 different b values in 3 axes
(x, y, z) to achieve diffusion-weighted
MR images. ADC maps were formed
and ADC measurements were made
using isotropic images. Taouli et al.
reported that there was no difference
between measured ADC values of nor-
mal and cirrhotic liver parenchyma,
and focal hepatic lesions in 3 axes (20).
Considering this data, it has been re-
ported that liver parenchyma and focal
liver lesions, contrary to cerebral white
matter and kidneys, have an isotropic
diffusion pattern, thus it is needless to
use multi-dimensional diffusion gradi-
ents in liver diffusion studies (20).
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One major limitation of our study,
was the low number of lesions and
the absence of benign hepatocellular
lesions (e.g., hepatic adenoma, focal
nodular hyperplasia), when subgroups
are taken into consideration. Hence,
comparison between solid benign and
malignant masses or between different
malignant masses could not be made.
Benign hepatocellular mass lesions
were first evaluated by Taouli et al. and
their ADC values were found to be low-
er than cysts and hemangiomas, and
higher than malignant masses (20).

Another limitation of our study was
the extremely low spatial resolution
due to high b value selection, espe-
cially in lesions <1 cm in diameter,
and exclusion of those cases. In re-
cent studies, image quality has been
improved with faster parallel imaging
methods (e.g., sensitivity encoding =
SENSE) and so EPI-related artifacts
have been reduced (25-27). Addi-
tionally, there are publications that
report improved image quality in dif-
fusion MRI studies with 3 Tesla MRI
devices (28). The latest improvements
to fusion software make it possible to
superimpose diffusion-weighted MRI
images onto routine MRI images, au-
tomatically or manually, overcoming
difficulties in the localization of le-
sions.

In conclusion, the diffusion-weight-
ed MRI sequence is a useful diagnostic
tool since it can be obtained during a
single breath-hold, there is no need to
use contrast media, and it can contrib-
ute to accurate diagnosis when discrim-
ination of benign and malignant he-
patic masses cannot be accomplished
by conventional MRI sequences.
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