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E chinococcosis (hydatidosis) is a parasitosis that is endemic in Eu-
ropean, Middle Eastern, Mediterranean, South American, and Af-
rican countries (1). The incidence in Turkish society is reported 

as 1/2000 (2).This parasitic disease can involve all organs, although it 
preferentially affects the liver (50–70%) and lungs (20–30%) (3). Ultra-
sonography (US) is the tool of choice for diagnosis, although computed 
tomography (CT), magnetic resonance imaging (MRI), and serological 
tests are also frequently used. According to Gharbi’s classification of 
hydatid cysts (HCs), five subtypes have been defined by sonographical 
characteristics (Table 1). Although this classification is widely accepted, 
it has been restandardized by the WHO-Informal Working Group in 
Echinococcosis (WHO-IWGE) (Table 1). Type 1 HCs comprise 25–40% 
of all cysts and may be difficult to distinguish from simple cysts due to 
their sonographic similarity (4). Type 4 HCs can also present diagnostic 
problems due to their irregular contour, heterogeneous echo pattern, 
and tumor-like appearance. Type 4 HCs may not be differentiated from 
intrahepatic collections if a hypoechoic pattern is dominant.

It is well known that routine MRI sequences do not adequately dif-
ferentiate type 1 HCs from simple cysts. Diffusion-weighted MRI (DW-
MRI) is a technique that is sensitive to molecular diffusion in tissues and 
has commonly been used in brain imaging. This technique has long 
been limited to the brain imaging due to technical problems and sensi-
tivity to motion artifacts. With the advent of faster sequences, DW-MRI 
has also been applied to abdominal imaging (5). The value of DW-MRI 
in the differentiation of abscesses from cystic or necrotic tumors and 
determination of apparent diffusion coefficient (ADC) values of vari-
ous abdominal organs and liver masses has been explored (6–8). Inan 
et al. have recently published their study exploring the role of diffusion 
weighted MR imaging in the differential diagnosis of hydatid liver dis-
ease and simple cysts (9).

In this prospective study, DW-MRIs of liver HCs in different matura-
tion phases were obtained with single shot echo planar sequences with 
different b values, wherein the ADC values of lesions and liver paren-
chyma were calculated. We aimed to assess the contribution of DW-MRI 
to the identification of HC subtypes, in addition to their differentiation 
from abscesses and simple liver cysts. 

Materials and methods
Twenty-seven patients, which were sent to our department for US, CT, 

or MRI with a preliminary diagnosis of liver HC or abscess between Janu-
ary and May 2006, were evaluated. Thirty-seven lesions were detected in 
this patient group. In this study, one type 2 HC was not included due to 
inadequate sample size, and six type 5 lesions were not included due to 
their calcific content affecting the DW-MRI. 
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PURPOSE
The purpose of this study is to identify the role of diffusion-
weighted magnetic resonance imaging (DW-MRI) in the clas-
sification of liver hydatid cysts (HCs) and their differentiation 
from simple cysts and liver abscesses.

MATERIALS AND METHODS
Twenty-two patients that were sent to our department with 
preliminary diagnoses of HCs or abscess were included in the 
study. Thirty lesions were evaluated. MRI included T1-weight-
ed fast gradient echo, T2-weighted half-Fourier acquisition 
single-shot turbo spin echo, and DW single-shot echo planar 
pulse sequencing (b, 0, 50, and 1000 s/mm²). The apparent 
diffusion coefficient (ADC) values (mm²/s) of the HCs, ab-
scesses, and simple cysts were calculated.

RESULTS
No statistically significant difference was found between the 
ADC values of type 1 and 3 (P > 0.05) HCs and of simple cysts 
and type 1 HCs (P > 0.05). The ADC values of abscesses were 
significantly lower than those of type 1 and type 3 HCs, and 
simple cysts. No statistically significant difference was found 
between the ADC values of abscesses and type 4 HCs (P > 
0.05). Type 4 lesions exhibited significantly lower ADC values 
in comparison to type 1 and 3 HCs.

CONCLUSION
DW-MRI helps differentiate type 4 lesions from other cysts and 
can distinguish abscesses from hydatid cysts other than type 4 
as well as from simple cysts. Type 1 HCs cannot be differenti-
ated from simple cysts using ADC values alone, and type 4 
lesions are indistinguishable from abscesses.
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imaging • diffusion weighted MRI 
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weighted fast gradient echo (TR/TE/FA, 
120 ms/4 ms/80°; matrix, 140x256; 
FOV, 375 mm; NEX, 1; time, 16 s) and 
T2-weighted half-Fourier acquisition 
single-shot turbo spin echo (HASTE) 
(TR/TE/FA, 4 ms/90 ms/150°; matrix, 
160x256;  FOV, 375 mm; NEX, 1; time, 
20 s) were obtained in the axial plane. 
A DW single-shot echo planar se-
quence (TR, 5700 ms; TE,139 ms; FOV, 
375 mm; matrix, 128x96; NEX, 1) was 
obtained for all patients with three dif-
ferent b values (0, 50, and 1000 s/mm²) 
and during one breath hold period. 
Whole liver parenchyma was exam-
ined with an 8-mm slice thickness and 
0.25-mm interslice gap in 17 s. No car-
diac or respiratory triggering was ap-
plied. Patients with suspicious lesions 
also underwent contrast-enhanced dy-
namic scanning as a part of the routine 
imaging protocol.

The entire lesion, from the center to 
the periphery, was included in the re-
gion of interest (ROI) that was selected 
for ADC measurements. Areas that 
were far from vessels in the same lobe/
segment as the lesion were selected for 
ADC measurements of the normal liv-
er parenchyma. The sizes of the ROIs 
were the same for the lesions and the 
normal parenchyma.

DW-MRI data sets were transferred to 
another computer and ADC maps were 
reconstructed with software (Virtuoso, 
Siemens). ADC values for HCs, abscess-
es, and simple cysts were calculated by 
using the following formula:

D (x,y,z) = 
[ln (S1(x,y,z) / S2(x,y,z) )]

                                  (b2–b1)           (8).
This formula represents an ADC 

value (mm2/s) for a voxel that is local-
ized at D (x,y,z); S1(x,y,z) is the signal 

intensity of a voxel at (x,y,z) of a DW 
image that is obtained with a specific 
b1 value (b1, 50); and S2 (x,y,z), is the 
signal intensity of the same voxel in 
another DW image that is obtained 
with a specific b2 value (b2, 1000).

Statistical analysis
Statistical analysis was performed 

using SPSS 13.0 (SPSS Inc., Chicago, 
USA). ADC values have been presented 
as average (± standard deviation) and 
median (interquartile range) values. 
Kruskal-Wallis and Mann-Whitney 
U tests were used to compare the dis-
tributions of ADC values among cyst 
groups. Pair-wise comparisons were 
performed with a Bonferroni adjust-
ment (P ≤ 0.0125) in order to ensure 
that the family-wise alpha would not 
exceed 0.05. To evaluate the perform-
ance of ADC levels in cyst diagnosis, 
receiver operator curve (ROC) analysis 
was performed. The sensitivities, spe-
cificities, positive/negative predictive 
values, positive likelihood ratios, and 
areas under the curve (AUC) of the ADC 
values were calculated. An AUC that is 
statistically higher than 0.5 indicates 
good diagnostic test performance. The 
cut-off values that can be helpful to 
differentiate hydatid cysts from simple 
cysts and abscesses and to classify hy-
datid cysts were determined using the 
MedCalc demonstration program. Sta-
tistical significance was assigned for P 
values of less than 0.05.

Results
A total of 22 patients (11 men and 

11 women) were included in this 
study. The patients’ ages ranged from 
22 to 72 years (mean ± SD, 53.9 ± 11.6 
years). Thirty lesions were detected in 
22 patients and were included in the 
analysis. The detected lesion diameters 
ranged from 1.5 cm to 15 cm (mean, 
5.9 cm). All ADC measurements were 
performed without any constraints 
due to artifacts or lesion diameter. Ta-
ble 2 depicts the distribution of ADC 
values (mm2/s) among the detected 
lesions.

The ADC value of normal liver pa-
renchyma was 0.82x10¯³mm2/s. The 
mean ADC value of simple cysts was 
3.08 (±0.17x10¯³) mm2/s, whereas that 
of type 1 HCs was 2.84 (±0.38) mm2/s. 
There was no statistically significant 
difference between the ADC values of 
simple cysts and those of type 1 HCs (P 
> 0.05) (Figs. 1 and 2).

Solid mass lesions and lesions with 
histopathological diagnoses other than 
abscesses or HC were also excluded. 
After the exclusion of one type 2 HC 
and six type 5 HCs, 30 lesions in 22 
patients were included in the statisti-
cal analysis. None of the patients had 
liver dysfunction. The study protocol 
was approved by the institutional re-
view board, and informed consent was 
obtained from each patient.

HCs were classified as type 1 (n = 10), 
type 2 (n = 1), type 3 (n = 5), type 4 
(n = 5), and type 5  (n = 6) according 
to Gharbi’s sonographic classification. 
Four of the patients had more than 
one lesion. The distribution of these le-
sions was as follows: One patient had 
five type 1  HCs and one type 2 HC. 
Another patient had one type 1 and 
one type 3 HC. One patient had type 
3 and type 5 HCs and an abscess. The 
remaining patient had three simple 
cysts. Histopathological and serologi-
cal evaluation revealed 27 HCs, five 
abscesses, and five simple cysts. All of 
the abscesses were diagnosed by his-
topathological sampling. Anechoic 
lesions were accepted as simple cysts 
if the patient was clinically asympto-
matic and serological tests were nega-
tive. Type 2 and type 3 lesions were 
diagnosed based on their typical ap-
pearance at sonography. Sampling was 
not performed for type 4 lesions with a 
typical appearance at sonography and 
with accompanying positive serologi-
cal results (n = 3). Tru-cut biopsy was 
performed for two type 4 lesions with 
suspicious properties.

Imaging was performed with a 1.5 
T MR unit (Magnetom Vision Plus; 
Siemens, Erlangen, Germany) using 
a linear array polarized body coil. T1-

Table 1.  Gharbi and WHO-Informal Working Group in Echinococcosis (WHO-IWGE) 
classification of hydatid cysts

Gharbi                                   WHO-IWGE Sonographic characteristics

- CL Unilocular cyst, anechoic, no wall depicted

Type 1 CE1 CL characteristics + wall + mobile internal echogenicities

Type 3  CE2 Multivesicular, multiseptated cyst, daughter cysts, honeycomb pattern 

Type 2  CE3 Detached membrane (water-lily sign)

Type 4 CE4 Heterogeneous, hypo-, or hyper-echoic cyst, no daughter vesicles

Type 5 CE5 Cyst with a partial or complete wall calcification

CL, cystic lesion; CE, cystic echinococcosis.
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Figure 1. a–d. A simple cyst. US image 
(a) shows an anechoic mass with 
posterior acoustic enhancement. Axial 
T2-weighted HASTE MR image (b) 
shows the cystic mass in the left lobe 
of the liver. The lesion is hyperintense 
with no septae or solid portions. On the 
diffusion-weighted MR image (c) the 
lesion exhibits high signal intensity (b = 
1000). On apparent diffusion coefficient 
(ADC) map, ADC value (d) is 3.34x10¯3.
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Figure 2. a–d. A type 1 hydatid cyst. US 
image (a) reveals a round, anechoic lesion 
with acoustic enhancement. Axial T2-
weighted HASTE MR image (b) depicts the 
same cystic mass in the anterior segment 
of right lobe of the liver (subsegment 5). 
The lesion is hyperintense with no septae or 
solid portions. On the diffusion-weighted 
MR image (c) the lesion exhibits high signal 
intensity (b = 1000). On apparent diffusion 
coefficient (ADC) map (d), ADC value is 
2.31x10¯3.
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dc
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There was a statistically significant 
difference between the ADC values of 
abscesses, HCs, and simple cysts (P = 
0.003). The ADC values of abscesses 
were significantly lower than those of 
HCs and simple cysts (P = 0.001 and P 
= 0.008, respectively, Fig. 3); however, 
no  statistically significant difference 
was observed between abscess and type 
4 HC ADC values (P > 0.05) (Table 2, 
Figs. 4 and 5). 

There was a statistically significant 
difference between the ADC values of 
different types of  HCs (P = 0.006). Be-
cause there was only one type 2 HC, it 
was not included in the analysis. Type 
4 HCs exhibited significantly lower 
ADC values in comparison to type 1 
and 3 HCs (Table 2). No statistically 

significant difference was found be-
tween type 1 and 3 HC ADC values 
(P > 0.05).

The diagnostic performance level of 
DW-MRI for liver HC subtyping was 
evaluated via ROC analysis. DW-MRI 
was found to be successful in the dif-
ferentiation of type 4 HCs from other 
types (AUC, 0.987; 95% CI, 0.816–
1.000). The highest accuracy for type 
4 HCs was obtained with ADC value of 
≤ 2.17x10¯³ mm2/s (Table 3). When a 
cut-off value of ≤ 2.17 was used, one 
type 1 HC and all of the abscesses were 
diagnosed as type 4 HCs (Fig. 6).

DW-MRI was also successful in the 
differentiation of HCs from abscesses 
(AUC, 0.952; 95% CI, 0.789–0.994). 
The highest accuracy for HC differen-

tiation was obtained with ADC values 
of >1.76x10-3 mm2/s (Table 3). For this 
ADC cut off value, two out of five type 
4 HCs were diagnosed as abscesses 
(Figs. 7 and 8).

DW-MRI was not successful in the 
differentiation of HCs from simple 
cysts (AUC, 0.705; 95% CI, 0.495–
0.865) (Table 3).

Discussion
Parasitic diseases are an important 

health problem in developing coun-
tries. Hydatidosis (echinococcosis) 
is one of the most important para-
sitic diseases that threaten human 
and animal health in both Turkey 
and throughout the world. The large 
number of cattle herds in Turkey, in 
addition to the human-dog cycle, is 
responsible for the increased preva-
lence of this infestation.

US is the gold standard imaging 
method for HC categorization. US pro-
vides information of both the number 
and location of cysts, the relationships 
of cysts to adjacent structures, and the 
inner structures of the cysts/lesions. 
Typical findings, such as the anechoic 
inner contents, germinative mem-
branes, honeycomb or spoke-wheel 
patterns, or wall calcifications of type 
1, 2, 3, and type 5 lesions, respective-
ly, are easily recognized. On the other 
hand, the differentiation of type 1 le-
sions from simple cysts and type 4 le-
sions from other solid lesions of the 
liver can cause diagnostic dilemmas. 
CT and MRI can be performed when di-
agnosis is not possible with US alone. A 
pericyst, due to its fibrous component 
and calcification, is depicted as a hy-
pointense rim on T1- and T2-weight-
ed images (10). MRI can be helpful in 
identifying the rim and differentiating 
this diagnosis from other encapsulated 

Table 2. Distribution of apparent diffusion coefficient (ADC) values with respect to lesions

Type 1
(n = 10)

Type 3
(n = 5)

Type 4
(n = 5)

Abscess
(n = 5)

Simple cyst
(n = 5)

ADC value           
                         
     

 mean ± SD         
(min.–max.)

2.84 (±0.38)
   (2.15–3.18)

3.05 (±0.17)
(2.91–3.35)

1.78 (±0.44)
(1.10–2.17)

1.26 (±0.41)
(0.76–1.76)

3.08 (±0.17)
(2.89–3.34)

Pa value Comparison to 
type 4

P = 0.001 P = 0.008 P = 0.151 P = 0.008

Comparison to 
abscess

P = 0.001 P = 0.008 P = 0.151 P = 0.008

aMann-Whitney U test (a P value ≤ 0.0125 was accepted as statistically significant with Bonferroni adjustment); SD, standard deviation.

Figure 3. There is a statistically significant difference between the ADC values of abscesses and 
those of hydatid and simple cysts (P = 0.003). The ADC values of abscesses were smaller than 
those of hydatid cysts and simple cysts (P < 0.001 and P = 0.008, respectively). 
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Figure 4. a–d. A type 4 hydatid cyst. US image 
(a) reveals a peripheral hyperechoic rim of 
calcification and heterogeneous inner echo 
pattern. Axial T2-weighted HASTE MR image 
(b) shows a round-shaped mass between 
the right lobe of the liver and the posterior 
portion of the right diaphragm. The inner area 
of high signal intensity is surrounded with a 
hypointense rim. On the diffusion-weighted MR 
image (c), the lesion shows high signal intensity 
(b = 1000). On apparent diffusion coefficient 
(ADC) map (d), ADC value is 1.96x10¯3. 
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Figure 5. a–d. An abscess. US image (a) 
shows a large, heterogeneous mass with a 
thick wall. On axial T2-weighted HASTE MR 
image (b) a well-defined lesion with a high 
signal intensity that occupies the right lobe of 
the liver is easily depicted. Diffusion-weighted 
MR image (c) of the same lesion (b = 1000) 
shows a heterogeneous high signal intensity. 
Automated ADC map (d) shows an ADC value 
of 0.76x10¯3. 
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Figure 7. When the cut-off value 
is accepted as >1.76, two of the 
type 4 hydatid cysts were also 
diagnosed as abscesses. The 
others were diagnosed correctly 
(in the original group) by using 
this cut-off value.

Table 3. Diagnostic performance of apparent diffusion coefficient s (ADCs) for differentiating type 4 from other types of hydatid cysts, 
hydatid cysts from abscesses, and hydatid cysts from hydatid cysts

Type 4 (n = 5) 
versus other hydatid cysts 

(n = 16)

Hydatid cysts (n = 21)
 versus abscess 

(n = 5)

Hydatid cysts (n = 21) 
versus simple cysts

(n = 5)

Cut-off value ≤2.17 >1.76 ≤2.74

Sensitivity (%)(95% CI) 100 
(48–100)

90.5 
(69.6–98.5)

47.6
(25.7–70.2)

Specificity (%)(95% CI) 93.7 
(69.7–99)

100 
(48–100)

100 
(48–100)

Positive predictive value (%) 83.3 100 100

Negative predictive value (%) 100 71.4 31.3

Positive likelihood ratio 16 - a - a

Area under curve (95% CI) 0.987 
(0.816–1.000)

0.952 
(0.789–0.994)

0.705 
(0.495–0.865)

a not calculated due to 100% specificity; CI, confidence interval.

Figure 6. When the cut-off value 
is accepted as ≤2.17 for type 4 
hydatid cysts, all of the abscesses 
and one type 1 hydatid cyst 
were also diagnosed as type 4 
hydatid cysts. The others were 
diagnosed correctly (in the 
original group) by using this 
cut-off value.
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liver lesions. Irregularities of the rim 
border, which can be accepted as signs 
of partial detachment, are more reli-
ably demonstrated with MRI than with 
CT or US (11).

Differential diagnoses can be more 
accurately made with MRI when char-
acteristic features of HCs, like hydatid 
sand, daughter vesicles, or calcified 
membrane, do not exist (12). 

Owing to the reasons mentioned 
above, an easy and practical diagnostic 
method is needed for daily practice.

In our study, we evaluated the diag-
nostic value of DW-MRI in the subtyp-
ing of HCs and their differentiation 
from abscesses and simple cysts. Moteki 
et al. was the first to use this technique 
in the abdomen in 1994, wherein they 
assessed abdominal organs and muscle 
tissue (13). In following years, several 
studies concerning the contribution of 
DW-MRI in the evaluation of abdomi-
nal organs and the ADC values of ab-
dominal organs have been published 

(5–8, 14–18); however, the number of 
papers exploring the value of DW-MRI 
in the diagnosis of hydatid liver disease 
is limited (9).

Diffusion is either isotropic or aniso-
tropic in environments with randomly 
organized microstructures or without 
any organized barriers to the motion of 
molecules and with microstructures or-
ganized in one predominant direction, 
respectively. Taouli et al. have demon-
strated that diffusion in the liver is iso-
tropic (15). The ADC is used in order to 
describe the impact of signal loss due 
to water diffusion, intravascular blood 
flow, CSF flow, and cardiac pulsations, 
as well as tissue temperature and mag-
netic susceptibility, on the diffusion 
coefficient. As fast imaging sequences 
have emerged, it has become possible 
to use DW-MRI in the abdomen as 
well. In our study, the average ADC 
value of normal liver parenchyma was 
0.82x10¯³ mm2/s, which agrees well 
with the ADC values that have been re-

ported in other studies that used high 
b values (5, 7, 14).

In our study, the average ADC val-
ues of type 1 HCs and simple cysts 
were 2.84 ± 0.38x10¯³ mm2/s and 3.08 
± 0.16x10¯³ mm2/s, respectively, and 
there was no statistically significant 
difference between these values so as 
to differentiate of these lesions (AUC, 
0.705; 95% CI, 0.495–0.865). Simple 
cysts have watery contents without 
structures that limit the diffusion of 
water molecules. Type 1 HCs are char-
acterized by walls and multiple echo-
genic foci, which are caused by hydatid 
sand, and the latter may be seen within 
the lesion by repositioning the patient 
during sonography (19, 20). Dissimi-
larities in macromolecular or lipid con-
tents and the chemical compositions 
of lesions are also not distinguishable 
by DW-MRI. On the contrary, Inan et 
al. have observed that all HCs, with 
the exception of two, are significantly 
hyperintense on DW-MRI (b = 20, b = 
1000), whereas simple cysts are not (9). 
The same group also found that the 
ADC values of HCs (CE types 1, 2, and 
3, and liquid type) were significantly 
lower than those of simple cysts; how-
ever, they were not able to define a 
cut-off value with ROC analysis. The 
differences between these two studies 
might be due to different equipment 
and sample sizes.

Figure 8. a–c. A type 4 hydatid cyst. On axial T2-weighted HASTE MR image (a) the 
hyperintense mass that occupies the right lobe anterior segment and the left lobe 
medial segment of the liver is well depicted. This lesion has an irregular hypointense 
rim. Diffusion-weighted MR image (b) of the same lesion (b = 1000) exhibits a 
heterogeneous high signal intensity. Automated ADC map (c) shows an ADC value 
of 1.10x10¯3. When the cut-off value is accepted as ≤1.76 for abscesses, this type 4 
hydatid cyst was diagnosed as an abscess.
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c
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Similarly, type 1 and 3 HCs cannot 
be distinguished using ADC values.  
Type 3 HCs are multivesicular, mul-
tiseptated cysts, wherein the daughter 
cysts may partially or completely fill 
the unilocular mother cyst. Cyst sep-
tations may produce wheel-like struc-
tures (19). When daughter cysts are 
separated by a hydatid matrix (a ma-
terial with mixed echogenicity), they 
demonstrate a “wheel spoke” pattern. 
This matrix consists of a hydatid fluid 
that contains the membranes of bro-
ken daughter vesicles, scolices, and 
hydatid sand (21). Type 3 HCs with 
these properties show ADC values that 
are similar to those of type 1 HCs. On 
the other hand, it may be argued that 
type 1 lesions that lack water diffusion-
limiting structures can also have ADC 
values that differ from those of type 3 
HCs. Type 4 HCs have heterogeneous 
hypoechoic or dishomogeneous de-
generative contents (especially mem-
branes) without daughter cysts (19). 
Membranes may appear within the 
matrix as serpentine linear structures, 
which is a finding that is highly spe-
cific for hydatid disease. When the ma-
trix completely fills the cyst, a mixed 
echogenic pattern that mimics a solid 
mass is created (21). 

DW-MRI successfully differentiates 
HCs from abscesses (AUC = 0.952; 95%  
CI = 0.789–0.994). The highest accura-
cy for HC differentiation was obtained 
with an ADC value of >1.76x10¯3 mm2/
s. For an ADC cut-off value of >1.76 
mm2/s, two out of five type 4 HCs were 
diagnosed as abscesses. We have also 
shown that the ADC values of abscess-
es are significantly lower than those of 
HCs and simple cysts (P = 0.001 and P = 
0.008, respectively). Abscesses contain 
inflammatory cells, bacteria, necrotic 
tissues, and highly cellular and viscous 
proteinaceous exudate, which restrict 
diffusion and result in low ADC val-
ues (16). The mean ADC value for ab-
scesses has been reported to be 1.09 ± 
0.32x10¯³ mm2/s in the literature (17). 
The mean ADC value for abscesses in 
our study was 1.06 ± 0.41x10¯³ mm2/
s, which is consistent with the afore-
mentioned value from literature. No 
statistically significant difference was 
found between the ADC values of type 
4 HCs and abscesses (P > 0.05). Chan 
et al. have reported the ADC value 
for abscesses to be 0.67 ± 0.35 x10¯³ 
mm2/s and they have successfully dis-
tinguished them from cystic necrotic 

tumors. They attribute this diversity to 
a variety of biochemical components 
and viscosities (16). Bruegel et al. have 
described the time-dependent change 
in ADC values of multiple liver lesions 
in a 36-year-old patient (18). In this 
study, at admission, ADC values were 
observed to range from 1.2 to 1.6x10¯³ 
mm2/s, whereas twelve days later, a sig-
nificant decrease in ADC values to 0.3–
0.7x10¯³ mm2/s was observed. Thus, it 
is possible to obtain different ADC val-
ues during abscess evolution.

The diagnostic performance of DW-
MRI imaging for liver HC subtyping 
was evaluated with ROC analysis. DW-
MRI successfully differentiated type 4 
HCs from other HC types (AUC, 0.987; 
95% CI, 0.816–1.000). The highest ac-
curacy for type 4 HC differentiation was 
obtained with ADC values ≤ 2.17x10¯³. 
No statistically significant difference 
was found when the ADC values of 
HCs and simple cysts were compared 
(AUC, 0.705; 95% CI, 0.495–0.865).

The ADC values of in vivo struc-
tures are usually higher than expected, 
which is an effect that is generally at-
tributed to capillary microcirculation. 
Yamada et al., in their article about the 
contribution of perfusion to the ADC 
value, have reported that low b values 
are sensitive to perfusion, which result 
in falsely elevated parenchymal organ 
and muscle tissue ADC values (14). 
They calculated the “true diffusion co-
efficient” value with a method exclud-
ing the contribution of perfusion. They 
also showed that ADC values of liver, 
spleen, kidney, pancreas and muscle 
were higher than the “true diffusion 
coefficient” which clearly supports the 
effect of perfusion causing overestima-
tion of ADC values. The “true diffusion 
coefficient” and ADC values (0 or near 
0) were similar for water phantoms, as-
cites, and gallbladder tissue lacking sig-
nificant perfusion. Because small b val-
ues include the effects of both diffusion 
and perfusion, the resultant calculated 
ADC values are higher. Since small b 
values are more sensitive to perfusion 
and the T2 values of tissues, high b val-
ues are recommended for abdominal 
diffusion imaging. The applications of 
different b values in different studies 
have resulted in varying ADC values 
(8, 14). Ichikawa et al. have used small 
b values and obtained a high image 
quality that cannot be achieved with 
higher b values (8). In our study, the 
ADC values can be assumed to depend 

on water diffusion in the lesions be-
cause no perfusion is present and high 
b values have been used. For this same 
reason, we made no technical change 
to diminish the effect of perfusion. On 
the contrary, abscesses and primary/
secondary liver masses that can be dif-
ficult to distinguish from type 4 HCs 
can exhibit circumferential or intra-
tumoral perfusion, respectively. Thus, 
sets of images that are obtained using 
different b values, which are sensitive 
to perfusion, diffusion, or both, can aid 
in differential diagnosis.

There are some limitations of our 
study. The most significant limita-
tion of this study is the small patient 
number. Studies with more patients 
would result in a higher significance 
level, although our results suggest 
trends. Because only one patient pre-
sented with a type 2 HC, we were un-
able to include type 2 patients in our 
analysis. A large series including other 
cystic liver lesions would provide more 
information. Separate calculation of 
the diffusion coefficient and perfusion 
fraction can aid in the differentiation 
of type 4 HCs and vascular lesions. It 
is also difficult to compare our results 
to previously published results because 
the technical equipment and param-
eters used therein considerably vary.

In conclusion, DW-MRI is helpful for 
the differentiation of type 4 HCs from 
other cysts and abscesses, from type 1, 
2, and 3 HCs, and from simple cysts. 
Type 1 HCs cannot be differentiated 
from simple cysts with ADC values.
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