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ABSTRACT
Objective:The aim of this study was to investigate the contribution of diffusion-weighted magnetic resonance imaging to 
differential diagnosis in the characterization of liver masses.
Methods: Diffusion-weighted sequences were added to conventional sequences in cases in which a mass was detected dur-
ing upper abdominal magnetic resonance imaging performed for any reason. Diffusion-weighted images were obtained by 
applying diffusion-sensitive gradients at the b0, b600, and b1000 values with a single shot echo-planar spin echo sequence in 
the axial plane using the 1.5T magnetic resonance imaging device, and apparent diffusion coefficient maps were automatically 
constructed from these images by the magnetic resonance imaging device. The mean apparent diffusion coefficient values 
were calculated for 56 masses and 45 liver parenchyma in 45 cases with histopathological diagnoses.
Results: Of the 56 masses, 28 were benign and 28 were malignant. The benign masses consisted of 11 hemangiomas, 8 hydatid 
cysts, 3 simple cysts, 4 abscesses, and 2 focal nodular hyperplasia. The malignant masses comprised 13 hepatocellular carci-
nomas, 12 metastases, 2 cholangio cellular carcinomas, and 1 carcinosarcoma. The mean apparent diffusion coefficient value ​​
of the benign masses was calculated to be 2.67 × 10−3 s/mm2 and that of the apparent diffusion coefficient value ​​was 1.21 × 
10−3 s/mm2, indicating a statistically significant difference between the 2 groups. Apparent diffusion coefficient combined with 
diffusion-weighted magnetic resonance imaging had 100% sensitivity and 69% specificity in the differentiation of benign and 
malignant masses
Conclusion: Diffusion-weighted magnetic resonance imaging is a technique that provides results in a short time without using 
any contrast agent and contributes to the differential diagnosis of liver masses and should be added to conventional sequences.
Keywords::  Hepatic masses, diffusion-weighted imaging, magnetic resonance imaging, cyst hydatid, hepatic hemangioma

INTRODUCTION
The liver is an organ in which benign and malignant lesions are 
frequently located.1 The characterization of focal mass lesions 
in the liver can be performed with high accuracy (97%) using 
T1-weighted, T2-weighted, and dynamic contrast-enhanced 
examinations and fat-suppressed sequences in routine liver 
examination by magnetic resonance imaging (MRI).2

Diffusion refers to the random motion of molecules with their 
kinetic energy, which is also called Brownian motion.3 Diffusion-
weighted imaging (DWI) is one of the functional MRI techniques 
sensitive to the Brownian motion of molecules. Image contrast 
depends on the microscopic movements of water molecules. 
Images are obtained without contrast in a short exposure time. 
The disadvantage of this technique is that it is sensitive to mag-
netic field inhomogeneity, images of low geometric resolution, 
and low signal/noise ratio. Diffusion-weighted imaging shows 
significant sensitivity to current and motion.4

In DWI, images are T2-weighted, and apparent diffusion coeffi-
cient (ADC) maps are constructed in which only diffusion effect is 
seen to eliminate the T2 effect.3 An ADC map comprises synthetic 
images created by processing the data obtained at the pixel base 
to prevent T2 shine-through. The resulting images are indepen-
dent of the direction of diffusion and the T2 effect. In restricted 
diffusion, low ADC values, that is low signal, are observed, while 
high ADC values are observed in increased diffusion due to high 
signal. As the gradient intensity (b value) used in diffusion mea-
surement increases, phase distribution and signal loss in mobile 
protons also increase.4 

The main objective of this study was to determine the DWI find-
ings of various liver masses and investigate their contribution to 
diagnosis in terms of benign and malignant differentiation by 
calculating the characteristic features and ADC values ​​that may 
be useful in the differential diagnosis.
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METHODS
After the decision of the ethics committee of Erciyes University 
Faculty of Medicine (09/130, Kayseri) was taken, DWI was added 
to patients with liver mass detected in abdominal MRI for any 
reason between March 2009 and January 2010 in our hospital. 
Between the specified dates, liver masses were detected in 128 
cases in the upper abdominal MRI. Twelve patients who could 
not hold their breath for any reason, 32 with masses smaller 
than 1 cm, and 39 without histopathological diagnoses were 
excluded from the evaluation. Fifty-six masses of the remaining 
45 cases (26 men and 19 women) with histopathological diagno-
ses were examined. The age of the patients varied between 26 
and 80 years, and the mean age was 59.3 ± 15.6 years.

Routine upper abdominal MRI was performed on the patients 
using a 1.5 Tesla MRI device (Philips Gyroscan Intera, Best, the 
Netherlands) with 4 phased-array coils. Before injecting the con-
trast agent, DWI were obtained in the single-shot echo-planar 
sequence in the axial plane at different b values ​​(b0, b600, and 
b1000 s/mm2) [TR (Time to Repetation), 3656 ms; TE (Time to 
Echo), 89 ms (b1000); TR, 2673; TE, 60 (b600); matrix, 128 × 256; 
FOV (Field-of-view), 35-40 cm; section thickness, 7 mm; cross-
section, 1 mm). Oil pressure pulses were used to prevent serious 
chemical-shift artifacts. The ADC maps of isotropic images were 
created automatically by the device.

Apparent diffusion coefficient values ​​were calculated by plac-
ing the regions of interest (ROI) on the lesions to cover 2/3 of 
the area. In large lesions, measurements were taken by placing 
ROI at the locations corresponding to the contrasted areas of the 
lesions. The histopathological diagnoses of the patients were 
compared with the mean ADC values ​​measured. In addition, 
1 cm2 ROI was placed in the liver parenchyma to calculate the 
ADC value ​​of this tissue. 

Statistical Package for the Social Sciences 15.0 for Windows 
program (SPSS Inc, Chicago, Ill, USA) was used for statistical 
evaluation. Quantitative data were defined as mean ± standard 
deviation. The difference between the 2 groups was analyzed 
using the Student’s t test. Countable data (qualitative) were 
defined as a percentage. Diagnosis the sensitivity and specificity 
of the criteria were calculated. Kappa match between 2 tests was 
analyzed using statistics and the difference between them was 
determined by using the Mc Nemar test. The significance level 
was taken as .05.

RESULTS
Fifty-six masses of 45 cases with histopathological diagnoses 
were evaluated. Of these masses, 28 were benign and 28 were 
malignant. The benign masses consisted of 11 hemangiomas, 
8 hydatid cysts, 3 simple cysts, 4 abscesses, and 2 focal nodular 
hyperplasia (FNH). The malignant masses comprised 13 hepato-
cellular carcinomas (HCCs), 12 metastases, 2 cholangiocellular 
carcinomas, and 1 carcinosarcoma. The size of the benign masses 
ranged from 2 to 13 cm with a mean value of 7.36 ± 2.70 cm, and 
the size of the malignant masses varied between 1.5 and 20 cm, 
with a mean value of 7.55 ± 4.42 cm (Table 1).

In the quantitative evaluation of the lesions, the mean ADC 
measurements were obtained from the ADC maps of the 
b600 and b1000 images. The ADC values ​​of 28 benign masses 
varied between 4.29 and 1.28 × 10−3 s/mm2, with the mean 
value of 2.93 ± 0.29 × 10−3 s/mm2, and the highest ADC in the 
benign group was observed in simple cysts with a mean value 
of 4.29 × 10−3s/mm2 and the lowest ADC in abscesses with a 
mean ADC value was measured as 1.28 × 10−3 s/mm2. Among 
the 28 malignant masses, the ADC values ​​ranged from 1.42 to 
1.17 × 10−3s/mm2, with a mean value of 1.24 ± 0.24 × 10−3s/mm2. 
The mean ADC values ​​of the liver parenchyma and cirrhotic liv-
ers were 1.54 ± 0.2 × 10−3 s/mm2 and 1.43 ± 0.4 × 10−3s/mm2, 
respectively. The difference between these 2 groups (normal 
liver parenchyma and cirrhotic liver) was statistically significant 
(Table 2). There was a statistically significant difference between 
the mean ADC values of the benign and malignant masses 
(Table 3). 

The hydatid cysts (n = 8) showed loss of signal as the b value 
increased in DWI, but they were only slightly more hyperintense 
at the b1000 value compared to the simple cysts (Figure 1). For 
the hemangiomas (n = 11), hydatid cysts (n = 8), and simple cysts 
(n = 3), the ADC appearance presented with a higher value com-
pared to the liver, while the malignant lesions except for hypo-
vascular metastases (n = 17) and the benign lesions of abscesses 
(n = 4) and FNH (n = 2) had lower values than the liver in ADC maps 

Main Points

•	 Many benign and malignant masses may be seen in the 
liver.

•	 Diffusion-weighted images are a magnetic resonance imag-
ing (MRI) sequence that was obtained without contrast in a 
short exposure time.

•	 Benign and malignant differentiation of liver masses can be 
done by diffusion-weighted magnetic resonance imaging 
sequence.

Table 1.  Number and Size of Lesions According to the Lesion 
Type

Number of 
Lesions

Lesion Size 
(cm)

Hemangioma 11 2-11
Hydatid cyst 8 5-13
Simple cyst 3 3-6
Abscess 4 5-9
FNH 3 3-4.5
HCC 13 2.5-15
Metastasis 12 1.5-20
CCC 2 9-10
Carcinosarcoma 1 20

FNH, focal nodular hyperplasia; HCC, hepatocellular carcinomas; 
CCC, cholangiocellular carcinomas.
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(Figure 2). The hypovascular metastases (n = 11) had peripheral 
hyperintensity and central hypointensity on DWI and low periph-
eral and high central values in ADC maps (diffusion restriction 
in the peripheral area) (Figure 3). The hypervascular metastasis 
(n = 1), on the other hand, was observed to have homogeneous 
hyperintensity on DWI and a low value in ADC maps (Figure 4). 
The periphery of the abscesses (n = 4), especially the capsule, was 
iso-hypointense in DWI and had a high value in ADC maps. A sig-
nificant diffusion restriction was observed in the central of the 
abscesses, which were observed to have hyperintensity on DWI 
and a low value (diffusion restriction in the central area) in ADC 
maps (Figure 5). Focal nodular hyperplasia (n = 3) showed hyper-
intensity in DWI and a low value (diffusion restriction) on ADC 
maps, which could be confused with malignant masses (Figure 6).

DISCUSSION
Diffusion describes the random motion of water molecules, 
which is also called Brownian motion.3 The amount of diffusion is 
determined by the diffusion coefficient. The measurement of the 
diffusion coefficient is affected by many factors in biological tis-
sues, including capillary perfusion, temperature, magnetic sen-
sitivity in tissue, and movement. Therefore, ADC maps are used 
instead of the diffusion coefficient.3 Diffusion-weighted imaging 
is important due to its rapid examination time (20-30 seconds) 

and no requirement of contrast material.5 The disadvantage of 
this technique is that SGN is low, and therefore problems occur 
in the evaluation of lesions smaller than 1 cm.6

The most suitable b values for tissue characterization in the liver 
have been reported as b0 and b500-600 s/mm2.7 When we evalu-
ated the image quality in our study, we observed that the images 
obtained at b600 were higher quality and contained fewer arti-
facts than those obtained at b1000 values. 

Diffusion-weighted images have been found to be highly sensi-
tive and specific in the characterization of focal liver masses and 
diffuse liver diseases.6,8-10 In the literature, the mean ADC value of 
benign liver masses ranges from 2.45 to 1.94 s/mm2, while that of 
malignant varies between 10.8 and 1.04 s/mm2. This difference 
between the ADC values of the malignant and benign masses 
has been attributed to the former containing more cells than the 
latter.6,10 However, abscesses, FNH, adenomas (benign lesions 
with high cell density), and cystic necrotic tumors (malignant 
lesions with low cell density) are exceptions to this rule.7,11 In the 
current study, the mean ADC values of the benign and malig-
nant masses were found to be 2.93 ± 0.29 × 10−3 s/mm2 and 
1.24 ± 0.24 × 10−3 s/mm2, respectively, and the difference between 
the ADC values of these 2 groups was statistically significant, 
consistent with the literature. The numerical differences between 
ADC values ​​in different studies are due to the changes in these 
values ​​according to the b parameter​​, device and imaging proto-
col used, gradient changes, and the shooting technique.12

In cases where fatty liver, fibrosis, and accumulation of collagen 
deposit in the liver, a decrease is observed in the ADC value of 
the liver parenchyma.13 In the literature, the mean ADC value 
of normal liver parenchyma ranges between 0.69 × 10−3 s/mm2 
10 and 1.83 × 10−3 s/mm2,6 while the ADC value of cirrhotic liver 
parenchyma has been measured as 0.60 × 10−3 s/mm2 and 
1.37 × 10−3 s/mm², respectively, in the same studies. In the cur-
rent study, the mean ADC value of normal liver parenchyma was 
determined as 1.54 ± 0.2 × 10−3 s/mm2 and that of cirrhotic liver 
parenchyma was 1.43 ± 0.4 × 10−3 s/mm2, indicating a statistically 
significant difference, which is in agreement with the literature. 

In the literature, the mean ADC values of hemangiomas have been 
reported to vary between 2.95 and 1.92 × 10−3 s/mm2, which is 
higher compared to malignant lesions and liver parenchyma and 
lower compared to cysts.6,10,14 In our study, we determined the 
mean ADC value of the hemangiomas as 2.99 ± 0.17 × 10−3 s/mm2.

In the literature, the mean ADC values of simple cysts range from 
3.63 to 2.91 × 10−3 s/mm2, which is reported to be higher than 
those of liver masses.6,10,14 In the current study, we calculated the 
ADC value of the simple cysts as 4.29 ± 0.18 × 10−3 s/mm2.

In a study conducted by İnan et al.,15 hydatid cysts and simple 
cysts were examined at b500 and b1000 on DWI, and it was 
reported that both groups were hyperintense compared to the 
liver parenchyma at b500 (T2 shine-through effect), while at 
b1000, hydatid cysts were minimally hyperintense and simple 
cysts became isointense compared to the liver parenchyma. 

Table 2.  Mean ADC Values at b600 and b1000 According to 
the Lesion Type

Lesion Type
ADC 600 
(×10−3 s/

mm2)

ADC 1000 
(×10−3 s/

mm2)
P

Hemangioma (n = 11) 2.99 ± 0.17 2.75 ± 0.31 .43
Hydatid cyst (n = 8) 4.27 ± 0.17 3.71 ± 0.51 .07
Simple cyst (n = 3) 4.29 ± 0.18 4.09 ± 0.41 .40
Abscess (n = 4) 1.28 ± 0.59 1.21 ± 0.69 .52
FNH (n = 2) 1.32 ± 0.06 1.25 ± 0.02 .33
HCC (n = 13) 1.28 ± 0.10 1.12 ± 0.11 .50
Metastasis (n = 12) 1.17 ± 0.10 1.05 ± 0.91 .54
CCC (n = 2) 1.42 ± 0.11 1.30 ± 0.48 .38
Carcinosarcoma 
(n = 1)

1.27 1.11

Normal liver (n = 38) 1.54 ± 0.2 1.41 ± 0.3 .44
Cirrhotic liver (n = 7) 1.43 ± 0.4 1.37 ± 0.5 .32

FNH, focal nodular hyperplasia; HCC, hepatocellular carcinomas; 
CCC, cholangiocellular carciomas ADC, apparent diffusion coefficient.

Table 3.  Mean ADC Values of the Benign and Malignant 
Masses

Masses (n = 56) ADC 600 
(×10−3 s/mm2)

ADC 1000 
(×10−3 s/mm2) P

Benign (n = 28) 2.93 ± 0.29 2.68 ± 0.26 >.05
Malign (n = 28) 1.24 ± 0.24 1.10 ± 0.72 >.05

P <.05 <.05

ADC, apparent diffusion coefficient.
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Therefore, the authors reported that the b1000 values provided 
significant results. In the same study, the mean ADC value was 
3.5 × 10−3 s/mm2 for simple cysts and 2.9 × 10−3 s/mm2 for hyda-
tid cysts, with a statistically significant difference between the 
2 groups. The authors attributed this finding to hydatid cysts 

being more denser than simple cysts due to their scolex, pro-
tein, glucose, lipid, and polysaccharide content. In our study, 
in cases with 7 hydatid cysts and 3 simple cysts, the hydatid 
cysts were observed to be iso-hyperintense, while the simple 
cysts were isointense compared to the liver at b1000. The mean 

Figure 1.  A 49-year-old patient with a hydatid cyst. On diffusion-weighted images obtained at b600, the hydatid cyst localized in 
segment 8 is observed as hyperintense, which is similar to simple cysts, while at b1000, it shows moderate hyperintensity to the 
liver unlike simple cysts.

Figure 2.  ADC appearance of a hydatid cyst (A), hemangioma (B), and hypervascular metastatic lesion (C). While the hydatid cyst 
and hemangioma are observed to have high values, the metastatic lesion has a low value. ADC, apparent diffusion coefficient.

Figure 3.  A 68-year-old patient with a gastric adenocarcinoma. There are numerous metastatic lesions in the liver. On DWI, the 
center of the lesion is hypointense (arrow) and the periphery is hyperintense (arrowhead). In the ADC map, the center has a high 
value (arrow) and the periphery has a low value (arrowhead). ADC, apparent diffusion coefficient; DWI, diffusion-weighted imaging.
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Figure 4.  A 57-year-old patient with a pancreatic neuroendocrine tumor. Liver metastasis is observed. Hypervascular metastases 
show homogeneous hyperintensity in diffusion-weighted images and a low value in the ADC map. ADC, apparent diffusion 
coefficient.

Figure 5.  The abscess capsule is hypointense and the center is hyperintense on DWI. In the ADC map, the abscess capsule has a 
high value and the center has a low value. ADC, apparent diffusion coefficient; DWI, diffusion-weighted imaging.

Figure 6.  A 31-year-old female patient with a liver mass detected during a routine examination and diagnosed as FNH as a result of 
biopsy. The lesion is hyperintense on DWI and has a low value in the ADC map. ADC, apparent diffusion coefficient; DWI, diffusion-
weighted imaging; FNH, focal nodular hyperplasia.
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ADC values were calculated as 4.27 ± 0.17 × 10−3 s/mm2 and 
4.29 ± 0.18 × 10−3 s/mm2 for the hydatid and simple cysts, respec-
tively, but a statistical analysis could not be undertaken due to 
the insufficient number of cases. 

In a previous study, the ADC values ​​of FNH were reported to vary 
between 1.75 and 1.49 × 10−3 s/mm2.6 This can be explained by 
the high cell density of these lesions.14 In our study, we deter-
mined the mean ADC value of FNH as 1.32 ± 0.06 × 10−3 s/mm2. 
For abscesses, the mean ADC value was previously measured as 
0.65 × 10−3 s/mm2. This value being similar to malignant lesions 
is considered to be due to inflammatory cells, bacteria, necrotic 
tissue, and protein-containing pus within the abscess cavity.16 In 
the current study, the mean ADC value of the abscess cavity was 
found to be 1.28 ± 0.59 × 10−3 s/mm2.

In the literature, the mean ADC values of metastases have been 
reported to range from 0.94 to 1.51 × 10−3 s/mm2,6,10,14 while 
the range for the mean ADC values of HCCs is 0.97 to 1.33 
×10−3 s/mm2.6,11,14 This has been attributed to the cell density 
of malignant lesions.15 In our study, the mean ADC value was 
observed to be 1.17 ± 0.10 × 10−3 s/mm2 for the metastases and 
1.28 ± 0.10 × 10−3 s/mm2 for the HCCs.

When only ADC values are examined, DWI can significantly 
differentiate between benign and malignant lesions, while 
the ADC values of FNH and abscesses are similar to malignant 
lesions.16 Necrotic areas in the center of hepatic metastases cause 
an increase in ADC values, which is comparable to the ADC value 
of benign lesions.5,6,9 In brief, DWI determines cellularity, and 
therefore FNH, adenomas, and abscesses, which have higher cell 
density among benign lesions, show diffusion restriction, while 
cystic necrotic malignant lesions have high ADC values.17 ​​In the 
current study, the ADC values ​​of FNH and abscesses were similar 
to those of malignant lesions.

In all our hemangioma cases, we observed that as the b value 
on DWI increased, the hemangiomas showed loss of signal, but 
this was not so pronounced as in cysts, and at higher b values, 
hemangiomas were still observed as mildly hyperintense com-
pared to the liver. The ADC values of the hemangiomas were 
also higher compared to the liver parenchyma. These findings 
led us to consider that a diagnosis of hemangioma can be made 
by DWI without the need for a contrast-enhanced examination. 
This assumption should be verified by further studies with larger 
series.

Cysts show loss of signal at increased b values on DWI due to the 
free diffusion of water molecules.17 In our study, as the b values ​​
increased in DWIs, the signal intensity of the cysts decreased, 
and they became isointense to the liver at b1000. This appear-
ance was not observed in the remaining liver lesions. Therefore, 
we consider that DWI can differentiate between cystic and solid 
masses.

In a study conducted by Chan et al.16 the central and peripheral 
areas of abscesses and necrotic tumors were evaluated sepa-
rately. The centers of all abscesses showed diffusion restriction, 

while the centers of necrotic tumors showed free diffusion. 
In our study, when the 4 abscess cases were evaluated in the 
same manner, although all showed low ADC values ​​suggest-
ing malignant masses, the marked peripheral hyperintensity in 
DWI differentiated the lesions from malignant masses based on 
iso-hypointensity.

Similar to malignant lesions, FNH also has low ADC values while 
they are hyperintense on DWI. Therefore, it is not possible to 
distinguish FNH from malignant masses using DWI.17 In both of 
our FNH cases, hyperintensity was observed on DWI, suggest-
ing malignant masses, but the ADC values ​​were low, and thus a 
benign-malignant differentiation could not be made.

In our study, when we evaluated our cases based on ADC values 
alone, abscesses were successfully identified when the qualitative 
evaluation was included in the analysis, increasing the sensitivity 
value to 100% and specificity to 89%. Therefore, such evaluations 
should be made both qualitatively and quantitatively.

Limitations
In our study, neither parallel nor respiratory triggered imag-
ing, which are methods to increase image quality, was used. 
Therefore, the rate of SGO rate was very low. Since only cases 
with histopathological results were included in the study, the 
number of our cases was also low. Considering the mass sub-
groups, we did not have any cases with an adenoma or cystic 
metastasis.

CONCLUSION
Diffusion-weighted imaging is effective in differentiating benign–
malignant liver masses. The evaluation of liver masses with both 
DWI and ADC values ​​is important for accurate mass characteriza-
tion, especially for abscesses. Apparent diffusion coefficient val-
ues ​​can be used to differentiate cirrhotic and non-cirrhotic livers. 
Solid cysts, hemangiomas, simple cysts, and hydatid cysts can be 
differentiated by adding b1000 DWI to the examination. This can 
facilitate the diagnosis of hemangiomas without using contrast 
material. Focal nodular hyperplasia imitates malignant lesions in 
terms of DWI characteristics and ADC value.
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