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 Background: The aim of this study was to compare intravoxel incoherent motion diffusion-weighted magnetic resonance 
imaging (IVIM DW MRI) to T1 mapping for characterization of hepatic alveolar echinococcosis (HAE).

 Material/Methods: Eighteen HAE patients confirmed by surgery were examined with conventional MRI, IVIM DWI MRI with 10 b 
values (range: 0–1,000 sec/mm2), and longitudinal relaxation time (T1) mapping. Diffusion coefficient (D), per-
fusion fraction (f), pseudo-diffusion coefficient (D*), and T1 relaxation time were calculated in solid compo-
nents, perilesional components, and background liver parenchyma of HAE patients. The correlation between 
T1 relaxation time and IVIM-derived parameters was assessed by using the Pearson correlation test.

 Results: T1 relaxation times were significantly higher in solid components (820.58±331.24 ms) compared to background 
components (551.52±182.93 ms) of HAE patients (p<0.05). IVIM-derived D values were significantly higher in 
solid components (1.30±0.28×10–3 mm2/sec) compared to perilesional components (0.88±0.28×10–3 mm2/sec) 
and background liver parenchyma (0.97±0.27×10–3 mm2/sec) of liver parenchyma. There were significant differ-
ences in f values between solid components (13.70±7.66%), perilesional components (23.59±10.73%) and back-
ground liver parenchyma (30.78±10.18%). IVIM derived D* values were significantly lower in solid components 
(14.32±10.85×10–3 mm2/sec) than in background liver parenchyma (30.06±15.68×10–3 mm2/sec). Importantly, 
IVIM-derived f values were significantly correlated with T1 relaxation time: r=–0.337 (p<0.05).

 Conclusions: Based on our image comparison, IVIM DWI MRI might be better than T1 mapping, and IVIM-derived f values 
might be a valuable index for characterization of HAE.
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Background

Human alveolar echinococcosis (AE) is a form of parasitic 
zoonosis caused by the larvae of the echinococcus multilocu-
laris [1]. Most patients with AE are diagnosed at a late stage 
when the disease has advanced to unresectable hepatic lesions. 
Compared to medicinal treatment, radical resection is more 
effective for hepatic alveolar echinococcosis (HAE). A diagno-
sis of AE is based on the presence of at least two of the fol-
lowing findings: 1) typical lesion(s) detected by cross-sectional 
imaging; 2) antibodies against echinococcus species identified 
by immunoserology; 3) histopathologic features of echinococ-
cus multilocularis; and 4) DNA of echinococcus multilocularis 
detected in a clinical specimen [2]. The definite diagnosis of 
HAE is based on the histopathological examinations and DNA 
analysis [2]. Among the conventional imaging methods, ultra-
sonography (US) is generally the first-line examination for de-
tecting AE. For a diagnosis of AE, US is usually combined with 
computed tomography (CT) and/or magnetic resonance imag-
ing (MRI) [3,4]. Magnetic resonance elastography (MRE) has 
been used for detection and staging of liver fibrosis [5], but is 
not common in the characterization of AE.

Diffusion weighted imaging (DWI) has been applied to diag-
nosis of diseases, including HAE, in abdominal organs [6–9]. In 
a comparative study between DWI and histopathological fea-
tures of HAE, Ren et al., found a significant negative correla-
tion between apparent diffusion coefficient (ADC) values and 
percentage of HAE fibrosis in the peripheral area [9]. In recent 
years, intravoxel incoherent motion diffusion weighted mag-
netic resonance imaging (IVIM DW MRI), which was first de-
scribed by Le Bihan et al. [10], has been applied in the clinical 
diagnosis of HAE. This method separates micro-capillary per-
fusion from tissue diffusion. These IVIM-derived parameters 
are of value in evaluating HAE. Meanwhile, longitudinal relax-
ation time constant (T1) mapping has also been used as a di-
agnostic tool, especially in cardiovascular systems [11–13]. 
Lower T1 time has been associated with a greater degree of 
histologically defined interstitial fibrosis [13]. The degree of fi-
brosis can reflect parasitic viability of HAE, to a certain extent.

In this study, we performed and compared IVIM DW MRI to 
T1 mapping in the quantitative assessment of HAE patients, 
and evaluated the values of these two diagnostic methods for 
characterization of HAE.

Material and Methods

Patients

This study was approved by the Ethics Committee of First 
Affiliated Hospital of Xinjiang Medical University. Written 

informed consent was obtained from individual participants 
or their guardians. Between November 2014 and December 
2015, a total of 26 patients, who were examined with MRI for 
suspected HAE, were identified. The inclusion criteria for HAE 
included: the size of a single lesion was greater than 2 cm; 
the patient had no history of any specific treatment; and the 
image quality met both IVIM DWI MRI and T1 mapping post-
processing demands. Eight patients had to be excluded: one 
for pathological findings other than HAE, two for a history of 
previous drug therapy prior to MRI, and five for poor image 
quality. The final study population consisted of 18 patients 
(45±12 years old, range 23–68 years), including six males 
(50±11 years old, range 40–68 years) and 12 females (43±12 
years old, range 23–64 years).

Conventional MRI

MRI scans were performed using a 1.5T MR scanner (Siemens 
Magnetom and Avanto). Patients were positioned supine on 
a spine coil and covered with a phased-array body coil. The 
scanning range was the upper abdomen. Our routine MRI pro-
tocol consisted of an axial T1-weighted image (repetition time 
(TR)/echo time (TE), 180.0 ms/4.78 ms; number of excitations, 
two), an axial fat-saturated fast spin echo T2-weighted image 
(TR/TE, 2,200.0 ms/90.0 ms; number of signals acquired, two).

IVIM DWI and post-processing

The concept of IVIM MRI was initially presented by Le Bihan 
et al. [10]. IVIM MRI is a method used to assess the influence 
of microcirculation on the apparent diffusion coefficient by us-
ing diffusion-weighted imaging (DWI). DWIs with free-breath-
ing were obtained for this study using a single-shot echo-pla-
nar imaging pulse sequence in three perpendicular directions. 
A parallel imaging technique was used to decrease echo train 
length. We acquired 10 different b values (0, 50, 100, 150, 200, 
250, 300, 500, 750 and 1,000 sec/mm2). Post-processing of the 
obtained DWI data were performed by using Medical Imaging 
Interaction Toolkit (MITK) diffusion software to acquire IVIM 
parameters of D, D*, and f. The echo attenuation in a single 
voxel could be written according to the following equation by 
Le Bihan et al. [10]: 

S(TE)1=S(0)*exp(–TE/T2)*exp(–b1D)*(1–f),

where S(TE)1 is the mean signal intensity, S(0) is the mean sig-
nal intensity when b=0 sec/mm2, TE is the echo time, T2 is the 
spin-spin relaxation time, f is the fraction of the diffusion cor-
relation to microcirculation, and D is the pure molecular dif-
fusion parameter. D, D*, and f were estimated using a least-
square nonlinear fitting on a pixel-by-pixel basis, automatically 
calculated by the MITK diffusion software.
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T1 mapping and T1 relaxation time calculation

A three-dimensional (3D) dual flip angle gradient echo breath-
hold sequence was performed to obtain T1 relaxation time. The 
imaging parameters of the T1 mapping were as follows: TR/TE 
15/1.79; one signal acquired; flip angles of 5° and 26°; eight 
slabs; and acquisition time 42 seconds. The MRI data were 
transferred to a workstation (Siemens, Erlangen, Germany) to 
measure T1 relaxation time. Quantitative T1 relaxation time 
maps were derived automatically on a voxel-by-voxel basis 
and T1 was calculated by using nonlinear least squares fitting.

Regions of interest (ROI)

Identification of HAE and selection of region of interest (ROI) 
placement were performed by means of consensus of two at-
tending radiologists, and used a high-resolution monitor on a 
picture archiving communication system (Syngo Plaza, Siemens). 
Conventional axial fat-saturated fast spin echo T2-weighted 
images were used as references to determine lesion areas on 
the corresponding T1 maps and IVIM parametric maps. IVIM 
parameters, including D, f, D*, and T1 relaxation time, were 
measured. The ROIs were manually placed on each lesion at 
the level of maximum transverse lesion diameter in the sol-
id, perilesional, and background liver parenchyma. The perile-
sional area referred to an area of normal hepatic parenchyma 
near to the HAE focus.

Histologic analysis

The HAE lesion was detached from the liver and fixed in 10% 
formalin, embedded in paraffin, and stained with hematoxylin 
& eosin (H&E) staining for the pathologic evaluation.

Statistical analysis

Statistical analysis of data was carried out using the SPSS 
17 software package. Analysis of variance (ANOVA) variance 
analysis was used to compare parameter values (D, f, D*, and 
T1) among different components of HAE. Pearson correlation 

analysis was used to compare IVIM parameter values and T1 
relaxation time. Significance was set at p value less than 0.05.

Results

IVIM DW MRI derived parameters.

D, f, and D* were calculated using segmented bi-exponential 
analysis. Table 1 showed D, f, and D* values from IVIM bi-ex-
ponential fitting and T1 relaxation time of different compo-
nents. The data in Table 1 were analyzed by ANOVA method to 
calculate p values for a single parameter between solid com-
ponents (n=17), perilesional components (n=18), and back-
ground liver parenchyma (n=18); and then by the post-test of 
ANOVA for p value between two different components for de-
termination of significant differences (Figure 1). IVIM-derived D 
values were significantly different (p<0.01) between the three 
components: solid components (1.30±0.28×10–3 mm2/sec), per-
ilesional components (0.88±0.28×10–3 mm2/sec), and back-
ground liver parenchyma (0.97±0.27×10–3 mm2/sec) (Table 1). 
Comparison of individual pairs revealed that the D values of 
the solid components were significant higher than that of the 
perilesional components or the background liver parenchyma 
group (p<0.05) (Figure 1). There were significant differences 
in the f values between the solid components (13.70±7.66%), 
the perilesional components (23.59±10.73%), and the back-
ground liver parenchyma (30.78±10.18%) (p<0.01) (Table 1). 
Furthermore, the f value of the solid components was signif-
icant lower than that of the perilesional components or the 
background liver parenchyma (p<0.05) (Figure 1). IVIM-derived 
D* values were significantly different between the solid com-
ponents (14.32 ± 10.85 ×10–3 mm2/sec), the perilesional com-
ponents (22.94±12.51×10–3 mm2/sec) and the background liv-
er parenchyma (30.06±15.68×10–3 mm2/sec) (p<0.01) (Table 1). 
The D values of solid components were significantly lower than 
that of the background liver parenchyma (p<0.05) (Figure 1).

D (×10–3 mm2/sec) f (%) D* (×10–3 mm2/sec)
T1 relaxation time 

(ms)

Solid components (n=17)  1.30±0.28  13.70±7.66  14.32±10.85  820.58±331.24

Perilesional components (n=18)  0.88±0.28  23.59±10.73  22.94±12.51  672.17±217.27

Background liver parenchyma (n=18)  0.97±0.27  30.78±10.18  30.06±15.68  551.52±182.93

P 0.000 0.000 0.004 0.010

Table 1. D, f, D* values and T1 relaxation times of different component.

D – diffusion coefficient; f – perfusion fraction; and D* – pseudo-diffusion coefficient. Numbers were shown in Mean ±SD. P values 
were calculated by ANOVA analysis.
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T1 relaxation time

ANOVA analysis revealed that the values of T1 relaxation time 
between the solid components (820.58±331.34 ms), the perile-
sional components (627.17±217.27 ms), and the background 
liver parenchyma (551.52±182.93 ms) were significant differ-
ent (p<0.05) (Table 1). The post-test of ANOVA further showed 
that T1 relaxation time of the solid component was significantly 

higher than that of the background liver parenchyma of HAE 
(p<0.05) (Figure 1).

Pearson correlation between IVIM derived parameters with 
T1 relaxation time

Pearson correlation statistics was used to analyze the pos-
sible correlation between the IVIM parameters D, f, D*, and 
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Figure 1.  Comparison of parameters, diffusion coefficient (D), perfusion fraction (f), pseudo-diffusion coefficient (D*), and T1 relaxation 
times in different components of hepatic alveolar echinococcosis (HAE). The data in Table 1 were analyzed by ANOVA method 
to calculate p values for a single parameter between solid components, perilesional components, and background liver 
parenchyma (see Table 1), and then by the post-test of ANOVA for p value between pairs; * p<0.05.

Variable 1 Variable 2 P value Correlation (r)

D T1 values 0.166 0.235

D* T1 values 0.125 –0.214

f T1 values 0.014 –0.337*

Table 2. Pearson correlation statistics between IVIM-derived parameters and T1 relaxation time.

D – diffusion coefficient; f – perfusion fraction; and D* – pseudo-diffusion coefficient.
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T1 relaxation time. As shown in Table 2, IVIM-derived f val-
ues were significantly correlated with T1 relaxation time 
(r=–0.337, p<0.05).

Image findings

As an example, the IVIM MRI and T1 mapping of a 37-year-
old female with HAE are shown in Figure 2. Hypo-dense liver 
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Figure 2.  Images of a 37-year-old female with hepatic alveolar echinococcosis (HAE). (A) Axial fat-saturated fast spin echo T2-weighted 
image; (B) T1 mapping with the region of interest (ROI) manually placed on the solid and perilesional components of HAE; (C) 
diffusion-weighted imaging (DWI) with b of 0 sec/mm2, and the ROI manually placed on the solid component; (D) DWI with 
b value=0 sec/mm2 and the ROI manually placed on the perilesional component of HAE; (E) the graph shows signal intensity 
decay of different b values on a solid component; (F) the graph shows signal intensity decay of different b values on a 
perilesional component.

6023
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Abudureheman Y. et al.: 
IVIM DW MR imaging for characterization of HAE
© Med Sci Monit, 2017; 23: 6019-6025

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



mass with distinct irregular margins can be seen in HAE of 
right posterior lobe of the liver on fat-saturated fast spin echo 
T2-weighted image (Figure 2A). The mean value of T1 of the 
perilesional area was lower than that of the solid component 
of HAE (Figure 2B). The solid components and the perilesion-
al components are shown in Figure 2C and 2D, respectively. 
Furthermore, the D value of the solid components was higher 
than that of perilesional components, the f value of the solid 
components was lower than that of the perilesional compo-
nents, and the D* value of solid components was lower than 
that of the perilesional components (Figure 2E, 2F). Overall, in 
IVIM MRI, the number of AE liver lesions was 2.4±2.1 (range 
1–8). The lesion size was 3.6 ± 3.3 cm (range 1.1–13.6 cm).

H&E staining

In the histological examination of the biopsy specimen, H&E 
staining showed inflammatory fibrous zones between the co-
agulation of necrotic and normal liver tissues, indicating HAE 
(Figure 3).

Discussion

Hepatic alveolar echinococcosis (HAE) is a relatively rare zoo-
notic helminthic disease with similarities to malignancy. In the 
present study, by using IVIM DWI MRI and T1 mapping as non-
invasive tools for characterization of HAE, we were able to de-
rive and compare the parameters of solid components, per-
ilesional components, and background liver parenchyma. We 
found that IVIM-derived D and f values were better than T1 
relaxation time generated from T1 mapping in the perilesion-
al area of HAE. Between solid and perilesional components, 

IVIM-derived D and f values showed significant differences, 
but no statistical difference was shown in T1 relaxation time.

Ultrasonography (US), computed tomography (CT), and mag-
netic resonance imaging (MRI) are also used in diagnosis and 
follow-up of HAE [14]. By measuring the hardness of HAE, US 
elastography is usually the first choice for early diagnosis in a 
clinic [3]. CT is useful in evaluating the stages of AE [4,14]. As 
a conventional imaging method, MRI is complimentary to CT 
in evaluating the invasion by AE in the abdominal and mus-
culoskeletal systems, and more important, in the central ner-
vous system. Although it is helpful in the determination of non-
calcified suspicious lesions, MRI is not as successful as CT in 
showing calcifications pathognomonic for AE [15]. Magnetic 
resonance elastography (MRE) is a noninvasive MRI-based 
technique for quantitatively assessing the mechanical prop-
erties of tissues in vivo, and is used for diagnosis and staging 
of liver fibrosis [5]. This method might potentially be used in 
the diagnosis of AE.

The infiltration and inflammatory reaction zone of HAE in the 
perilesional area might not be obvious in conventional MRI. 
Our data showed that IVIM DWI distinguishes perilesional 
components and solid components, which might reflect para-
sitic viability of AE. The D value is considered the pure diffu-
sion coefficient when microcirculation of blood in capillaries 
is excluded from motion forms [10]. In our study, the D val-
ues were 1.30±0.28×10–3 mm2/sec in solid components and 
0.88±0.28×10–3 mm2/sec in perilesional components. The com-
position of solid components on MRI is reported to be mainly 
composed of granulomas, coagulation necrosis, and calcifica-
tions [8]. Thus, changes of the D values in our study were dif-
ficult to explain due to the complex composition of the solid 
components. Surprisingly, there was no significant difference 
in the D values between the perilesional components and the 
background liver parenchyma. From the IVIM DWI MRI, we ob-
served relatively high signal intensity bands on the perilesion-
al components in most cases, although there were no statis-
tical differences. These results might be due to the narrow 
boundary zone, which might limit the ability to reach statisti-
cal significance. The IVIM-derived f value represents the frac-
tion of perfusion linked to microcirculation [16]. Notably, in 
our study, there was significant difference in the f values be-
tween solid components, perilesional components, and back-
ground liver parenchyma. The f value of perilesional compo-
nents was 23.59±10.73%, suggesting that the microcirculation 
of the perilesional components surrounding the lesion were 
more obvious than that of solid components and were infe-
rior to background liver parenchyma. In some AE lesions, en-
hancement of the peripheral area is reported to be intense 
and long lasting, reflecting the development of a major neo-
vascularization [17]. Our data suggested that IVIM derived D 

Figure 3.  Histopathology of liver lesion. H&E staining showed 
inflammatory fibrous zone between the coagulation of 
necrotic and normal liver tissue. (H&E, magnification, 
400×).
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and f values might be used as indicators in assessing the per-
ilesional characteristic of HAE lesions.

Pathologically, peri-parasitic development is associated with a 
massive granulomatous reaction and intense fibrogenesis [18]. 
We found that the T1 values of background liver parenchyma 
were lower than in solid components. Several studies have re-
ported that T1 relaxation times in healthy people were lower 
than in patients with liver cirrhosis [19,20], which may reflect 
changes in relaxation time. This reason might also be an ex-
planation for our T1 value results.

Conclusions

IVIM derived parameters might be preferable for accessing 
characterization of HAE when compared to T1 relaxation time.
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