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Purpose : To evaluate the relationship between the speed of enhancement of hepatic hemangiomas on gadolinium-
enhanced MRI and ADC values by using various parameters, including the D, f, D* and ADC;, on intravoxel incoherent
motion (IVIM) MR Imaging.

Materials and Methods: The institutional review board approved this retrospective study. A total of 47 hepatic heman-
giomas from 39 patients were included (20 men and 19 women). The hemangiomas were classified into three types
according to the enhancement speed of the hepatic hemangiomas on gadolinium-enhanced dynamic T1-weighted
images: rapid (Type A), intermediate (Type B), and slow (Type C) enhancement. The D, f, D* and ADCg;, values were calcu-
lated using IVIM MR imaging. The diffusion/perfusion parameters and ADC values were compared among the three types
of hemangiomas.

Results: Both the ADCy; and D values of type C were significantly lower than those of type A (P =0.0022, P = 0.0085).
However, for the fand D*, there were no significant differences among the three types. On DWI with all b values (50,
200, 500 and 800 sec/mm?), the ADC values of type C were significantly lower than those of the type A (P< 0.012). For b
values with 800 sec/mm?, the ADCg, values of the type C hemangiomas were significantly lower than those of type B (P
=0.0021). We found a negative correlation between hepatic hemangioma enhancement type and ADCs (0 =-0.357, P
=0.014), ADC,qq (o =-0.537, P = 0.0001), ADCsq, (o = -0.614, P =0.0001), and ADCgyq(p = -0.607, P = 0.0001).
Therefore, four ADC values of ADCsgg, ADC5q0, ADCsqg, and ADCgqo Were decreased with decreasing enhancement
speed.

Conclusion: Hepatic hemangiomas had variable ADCs according to the type of enhancement, and the reduced ADCs in
slowly enhancing hemangiomas may be related to the reduced pure molecular diffusion (D).
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INTRODUCTION

Hemangiomas are the most common benign hepatic
tumor and they occur in 5% to 20% of the general
population (1). Because of the high prevalence of
hemangiomas in the general population, differentia-
tion between hemangiomas and other hepatic lesions
is important. With advances in hardware and coil
systems, diffusion-weighted MR imaging can be
applied to liver imaging. Diffusion-weighted imaging
(DWI) can help detect and characterize focal hepatic
lesions by measuring a lesion’s apparent diffusion
coefficient (ADC) (2-6).

Hepatic hemangiomas usually show a greater degree
of signal attenuation on DWI with higher b thus higher
ADC values (7). However, hepatic hemangiomas show
various degrees of ADC values, which make it difficult
to distinguish hepatic hemangiomas from other
hepatic tumors (2-4). The enhancement pattern of
hemangiomas may affect the ADC values, since these
values can depend on blood flow, perfusion, and/or
diffusion within the hemangiomas (8-10). However,
there are only a few studies examining the relationship
between ADC values and the type or speed of
enhancement of hepatic hemangiomas (8, 11).

Intravoxel incoherent motion (IVIM) MR imaging is
a method to quantitatively assess the microscopic
translational motions that occur in each image voxel
on MR imaging (12-22). Both pure molecular
diffusion (D) and microcirculation-related diffusion,
called pseudo diffusion (D*), or blood flow fraction (f)
can be distinguished by using IVIM MR imaging (14).
IVIM MR imaging may increase our understanding of
enhancement of hemangiomas by analyzing several
parameters on IVIM MR imaging, including D, f, D*,
and ADC. There have been no studies on the relation-
ship between IVIM MR imaging and the speed of
enhancement in hepatic hemangiomas.

Therefore, the purpose of our study was to evaluate
the relationship between the speed of enhancement of
hepatic hemangiomas on gadolinium-enhanced MRI
and diffusion and perfusion parameters obtained from
multi b-value DWI data.
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MATERIALS AND METHODS

Patients

Our institutional review board approved this
retrospective study and they waived informed patient
consent. We performed a review of the clinical records
of the abdominal MR imaging examinations that
demonstrated the presence of hepatic hemangiomas
and were performed from January 2009 through
January 2013. Inclusion criteria were radiological and
clinical confirmation of the nature of the lesions, the
presence of a focal hepatic lesion with a size of > 10
mm, and the availability of both the T2-weighted
images and the multi b-value DWI data. A total of 47
hepatic hemangiomas were diagnosed in 39 patients
(20 men and 19 women). The mean age of the 39
selected patients was 50 years (range: 26-75 years).
The diagnosis of hemangiomas was established with
the classical contrast enhancement pattern seen on
MR and/or CT with no change in the size of the
lesions for six months or more on serial CT (11). The
longest diameter of the hepatic hemangiomas was
measured by one radiologist (D. M. Y.). The diameter
of the lesions ranged from 1 cm to 4.6 cm (mean: 1.7
cm).

MR imaging techniques

MR imaging was performed with a 1.5-Tesla system
(Achieva; Philips Medical Systems, Best, Netherlands)
with a six-channel sensitivity-encoding (SENSE) torso
coil. All patients were initially examined with a
routine MRI protocol of the upper abdomen, which
included T2-weighted images, in- and opposed-phase
T1-weighted images, multi b-value DWI images, and
multi-phase contrast-enhanced three-dimensional (3D)
T1-weighted images.

For the T2-weighted images, breath-hold, fat
suppressed fast spin-echo (FSE) MR imaging was
performed with the following parameters: repetition
time (TR)/echo time (TE): 441/90 ms, matrix: 256 X
183, field of view (FOV): 36 X 28 cm, acquisition of
two signals, and section thickness: 6 mm with a 1 mm
section gap. For the in- and opposed-phase T1-
weighted images, dual-echo fast field-echo (FFE) MR
imaging was performed with the following parameters:
187/2.3 ms (opposed-phase), 4.6 ms (in-phase), flip
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angle: 80°, matrix: 256 x 256, FOV: 36 x 28 cm,
acquisition of one signal, and section thickness: 6 mm
with a 1 mm section gap.

For the multi b-value DWI data, the breath-hold fat-
suppressed spin-echo echo-planar imaging (EPI)
sequence was performed with the following parame-
ters: TR/TE: 1338/66 ms, matrix: 112 X 88, FOV: 36
X 28 cm, acquisition of two signals, section thickness:
6 mm with 1 mm section gap, receiver bandwidth:
2627 Hz, a transverse plane, SENSE parallel imaging
factor: 2 and acquisition time: less than 25 seconds for
breath-hold acquisition. Two b-value images were
obtained within a single breath-hold time for each
scan. Therefore, scans were repeated four times (b=0
and 50 sec/mm?, b=0 and 200 sec/mm?, b=0 and 500
sec/mm?, and b=0 and 800 sec/mm?). For each scan,
diffusion gradients were applied on the slice-selection,
phase-encoding, and readout-encoding directions. We
used coregistration technique (Statistical Parametric
Mapping 5, Mathworks, MA, USA) for overcoming
image misregistration between multiple b value images
during breathhold.

For the multi-phase contrast-enhanced 3D T1-
weighted images, a spoiled gradient-echo sequence
(THRIVE) was run before and after injection of
gadopentetate dimeglumine (Magnevist, Schering,
Berlin, Germany) at a dose of 0.1 mmol per kilogram
of body weight followed by a 20 ml saline flush with a
power injector. The arterial, portal, and delayed phase
images were obtained at 10 seconds, 40 seconds and 2
minutes after contrast media arrival at thoraic aorta
on real time MR imaging fluoroscopic monitoring. The
acquisition parameters were as follows: 4.8/2.4 ms,
flip angle: 15°, matrix: 352 x 256, field of view: 36
X 28 cm, acquisition of two signals, and section
thickness: 6 mm without the section gap.

Image and Data Analyses

Two experienced radiologists (H.C.K and S.W.K.)
retrospectively reviewed the MR images from a picture
archiving and communications system (PACS). They
each had more than 10 years experience in the
practice and interpretation of liver MR and worked in
consensus on the study images.

The hemangiomas were classified into three types
according to the enhancement speed of the hepatic
hemangiomas on gadolinium-enhanced multi-phase
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T1-weighted images, which was determined by the
enhancing tumor volume of the portal phase images:
Type A included hemangiomas with rapid enhance-
ment (the enhancing area of the mass was more than
75% of the total volume of the mass), Type B included
hemangiomas with intermediate enhancement (the
enhancing area of the mass was between 25% and
75%), and Type C hemangiomas had slow enhance-
ment (the enhancing area of the mass was less than
25%).

The multi b-value DWI data were analyzed by a
volumetric region-of-interest (ROI) method. One
radiologist (D.M.Y.) drew a 3D ROI area of each
hemangioma using MRIcro software (http://www.
cabiatl.com/micro/) to obtain the DWI signal intensity
(SI) of each lesion. ROIs were traced manually as large
as possible of each hemangiomas.

In this study, three different methods were used to
obtain diffusion or flow-related parameters.

First, flow and the true and pseudo diffusion coeffi-
cients were estimated using the following equation on
the basis of the IVIM theory:

SI/SI; = (1 -1f) X exp (-bD) +f X exp (-bD*) [1],

where D and D* are the true diffusion coefficient
and the pseudo diffusion coefficient, respectively, and
fis the fractional volume occupied in the voxel by
flowing spins. By using the Levenberg-Marquardt
nonlinear least-squares algorithm, the D, f, and D*
were calculated for each ROI of the hepatic
hemangiomas. Five b-values of 0, 50, 200, 500 and
800 sec/mm* were used. The units of these three
values are expressed as mm?/sec for both D and D*
and percent (%) for f. The terms on the right side of
the equation indicate the true diffusion for the first
term and flow-related pseudo diffusion for the second
term. Therefore, D is the diffusion coefficient
representing the slow component of diffusion by pure
molecular diffusion, but D* is the diffusion coefficient
representing the fast component of diffusion by
incoherent microcirculation, which is the flow-related
diffusion coefficient.

Second, to obtain accurate ADC values with a
single-component model, we calculated the ADC
value of each ROI by fitting the following equation
using the four DWI SI values from four different b
values of 50, 200, 500 and 800 sec/mm?.

SI/SIy = Exp (-b - ADCp) (2],
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where ADCy; is the ADC value obtained from the
exponential fitting of DWI signal intensities and is
calculated by using linear regression analysis with the
natural logarithm of the intensity and the variable b
from the four images. The ADC is expressed as
mm?’/sec. The ADCy; value should be much more
accurate than the ADC value obtained from only the
two b-values, which is shown in the following
sentence.

Third, the ADC value for each b factor was
calculated by using the following equation.

ADC, = In(SI/SIy)/;, (3],

where Sl is the signal intensity in each ROI without
a diffusion gradient (b = 0) and SI,, is the DWI signal
intensity in the ROI with the diffusion factor b (i.e.,
50, 200, 500, and 800 sec/mm?). The ADC is express-
ed as mm?/sec. From this equation, we had four differ-
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ent ADC values, which are ADCs,, ADC,,, ADCs,
and ADCy,. We expect that these values are less
accurate than the ADCfit obtained from the second
method. However, these ADC values can be used to
show the effects of diffusion-weighted factors of the
three subject groups.

Statistical analysis

The type of hepatic enhancement, hemangioma size,
and the D, f, D*, ADC, for the four b values and
ADC;; values were compared using the Wilcoxon rank
sum test (SPSS, version 12, Chicago, IL USA).
Probability values less than 0.016 (i.e., 0.05 divided
by 3 to consider the multiple comparison using the
Bonferroni method because we have three groups)
were considered statistically significant.

The correlation between hepatic hemangioma

Table 1. Mean Size, True Diffusion (D), Pseudodiffusion (D*), and Perfusion Fraction (f) According to the Speed of Hepatic

Hemangiomas

Type A (n=14)

Type B (n=15) Type C (n=18)

Size (cm) 1.36+0.34
CD(X10°mmi) 204406°
D (x10°mmts) 1974143
R 301+01
ADCy (x10°mms) 2074038°

2.25+1.02 1.56+0.82
77777777777 190+063 1504039
77777777777 1724138 1294117
77777777777 314+38 302409
- 206+054" 16240341

Note.— Data are means +standard deviation

Type A: means hemangioms with rapid enhancement

Type B: means hemangioms with intermediate enhancement
Type C: means hemangioms with slow enhancement

*: Significant difference between two (p = 0.0085)

': Significant difference between two (p = 0.0022)

*: Significant difference between two (p = 0.0136)

Table 2. ADC values b=50,200,500 and 800 sec/mm According to the Speed of Hepatic Hemangiomas

Type A (n=14)

Type B (n=15) Type C (n=18)

b 50 6.25+1.99*
Sb200 3984074
Cbs0 269+056*
bgoO 2364038

5.67 +£2.67 4.1342.07*
339136 256103
246074 1914069*
2291051 178+027¢"

Note.— Data are means +standard deviation

Type A: means hemangioms with rapid enhancement

Type B: means hemangioms with intermediate enhancement
Type C: means hemangioms with slow enhancement

*: Significant difference between two (p < 0.0160)

': Significant difference between two (p = 0.0021)
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enhancement type and the D, f, D*, ADC, for the four
b values and ADCy;, values was assessed with the
Spearman correlation coefficient. A probability value
less than 0.05 was considered statistically significant.

RESULTS

The sizes and the ADCy;,;, D, f, and D* values of the
hepatic hemangiomas according to enhancement type
are summarized in Table 1. In addition, the ADC,
values calculated using the four b values (50, 200, 500
and 800 sec/mm?) of the hepatic hemangiomas,
according to enhancement type, are also summarized
in Table 2. The number of the hepatic hemangiomas
was 14 for type A, 15 for type B and 18 for type C.
There was no significant difference in lesion size
among the three types of hemangiomas (p > 0.05).

Based on the first analysis method, the D values of
type C hemangiomas were significantly lower than
those of type A hemangiomas (p = 0.0085) (Figs. 1-4).
However, the D values were not significantly different
between types A and B and between types B and C (p
> 0.016). We found a negative correlation between
enhancement type of hepatic hemangiomas and D
value (0 =-0.401, P = 0.005). Therefore, D values
were decreased with decreasing enhancement speed.
Although the difference in D* values was not statisti-
cally significant among the three groups (P > 0.016),
D* values also decreased with decreasing enhance-
ment speed. There were not significant differences in f
among the three types of hemangioma. No correlation
was found between hepatic hemangioma enhancement
type and D* (0 =-0.222, P = 0.133) and f (0 = -0.230,
P =0.121).

Based on the second analysis method, the ADCy; of

Fig. 1. MR images of 47-year-old man with slow enhancing hepatic hemangioma. (a, b) Transverse dynamic fat-suppressed T1-
weighted images shows a hepatic lesion in the right lobe (arrow), which is no enhancement in the arterial phase (a) and minimal
peripheral nodular enhancement in the delayed phase (b). (¢, d) Diffusion weighted image (b = 50, 800 sec/mm?) show that the signal

intensity of the lesion remains high (arrow).

http://www.ksmrm.org
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Fig. 1. (e-h) The D, f, D* and ADCj;; values of the lesion (arrow) were 1.44 x 10 mm?sec, 30 (%), 6.2 X 10° mm? /sec and 1.64 X

10 mm?/sec., respectively.

the slowly enhancing hemangiomas (type C) were
significantly lower than those of the rapidly enhancing
hemangiomas (type A) and intermediately enhancing
hemangiomas (type B) (P < 0.016) (Figs. 1-4). We
found a negative correlation between hepatic
hemangioma enhancement type and ADCy;, (p =
-0.479, P =0.001). ADCy;, values decreased with
decreasing the speed of enhancement.

Based on the third analysis method, the ADC values
of type C hemangiomas were significantly lower than
those of type A (P < 0.016) for ADCs,, ADC,q,
ADC;, and ADCg,. For only the b values with g,
sec/mm?, the ADCyg, values of type C hemangiomas
were significantly lower than those of type B
hemangiomas (P = 0.0021). However, no significant
difference was observed between types A and B and
types B and C with other b-values (P > 0.016). We
found a negative correlation between hepatic
hemangioma enhancement type and ADC;, (0 =

http://dx.doi.org/10.13104/jksmrm.2014.18.3.208

-0.357, P = 0.014), ADC,, (¢ = -0.537, P = 0.0001),
ADC54 (p=-0.614, P = 0.0001), and ADCg(p =
-0.607, P = 0.0001). Therefore, four ADC values of
ADCsj, ADC,yg, ADCsp, and ADCg, were decreased
with decreasing enhancement speed.

DISCUSSION

In this study we obtained multiple DWI data
obtained using five different diffusion-weighting
factors to test whether the difference in ADC values
according to enhancement pattern depended on the
cellularity of hemangiomas. We found that diffusion
coefficients decreased with decreasing enhancement
speed, but not flow. Therefore, difference in ADC
values according to the speed of enhancement of
hepatic hemangiomas on gadolinium-enhanced MRI
can be related to diffusion rather than flow.

http://www.ksmrm.org
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Fig. 2. MR images of 42-year-old man with rapid enhancing
hepatic hemangioma. (a) On arterial phase of transverse dynamic
fat-suppressed T1-weighted image, there is a homogeneously
enhancing mass in the right lobe (arrow). (b, c) Diffusion
weighted image (b = 50 sec/mm?) shows that the signal intensity
of the lesion (arrow) remains high. But the signal intensity of the
lesion (arrow) is reduced on diffusion weighted image using high
b value (b = 800 sec/mm?) (d-g) The D, f, D* and ADCy; values of
the lesion (arrow) were 2.04 x 10% mm%sec, 30.1 (%), 35.2 X
10° mm?sec and 2.14 x 10° mm?/sec., respectively.

http://dx.doi.org/10.13104/jksmrm.2014.18.3.208



Furthermore, we found that DWI with higher b-values
was sensitive enough to distinguish hemangiomas with
different enhancement patterns.

The first main finding of this study was that the
difference in ADC values according to hemangioma
enhancement speed is related more to the difference
in pure molecular diffusion rather than perfusion.
Diffusion can distinguish the rapid enhancing
hemangiomas (type A) from slow enhancement
hemangiomas (type C), but perfusion cannot. The D
values were significantly lower in type C
hemangiomas compared to type A. However,
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perfusion related parameters, including f and D*, were
not significantly different between the two types of
hemangioma. The slowly enhancing hemangiomas
(type C) demonstrated a decrement of pure molecular
diffusion (D) compared to that of the rapidly enhanc-
ing hemangiomas (type A). This result was also
supported the ADCy;, datum analysis. The ADCy,
values were significantly lower in the type C
hemangiomas compared to those of type A and B
hemangiomas. ADCy;, decreased with decreasing
enhancement speed. There was a statistically signifi-
cant difference in the ADC, values between type A
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Fig. 3. Box plots of (a) D, (b) D*, (c) f, and (d) ADCy;; according to speed of enhancement of hemangiomas. Top and bottom of boxes
are 25th and 75th percentiles of the values, respectively. Length of box represents the interquartile range within the 50th percentiles
of values. The horizontal line inside the box indicates median values. Data points outside box are outliers and are smaller than the
lower quartile minus 1.5 times the interquartile range or larger than the upper quartile plus 1.5 times the interquartile range.
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® TypeA

ADC value

0.00

b-value

Fig. 4. Plot of the diffusion MR imaging signal attenuation
against the b value according to the speed of enhancement of
hemangiomas. Type A included hemangiomas with rapid
enhancement. Type B included hemangiomas with intermediate
enhancement. Type C hemangiomas had slow enhancement.

and C with all b values (50, 200, 500, and 800
sec/mm?). For low b values, the signal decay is due to
the effects of both pure molecular diffusion and
perfusion. However, for high b values, the perfusion
effects make a minimal contribution. In our study, the
ADC values between types A and C were different
with both low and high b values. In addition, the ADC
values between type B and type C were different with
high b value (800 sec/mm?). Therefore, the difference
in the ADC values according to hemangioma enhance-
ment type is more related to the difference of pure
molecular diffusion rather than pseudo diffusion or
flow. These results could explain how the difference in
ADC values between type C and type A is related to
pure molecular diffusion rather than perfusion.

The second main finding of this study was that DWI
with higher b-values was sensitive enough to distin-
guish hemangiomas with intermediate enhancement
from those with slow enhancement. There was a statis-
tically significant difference in ADC values between
types B and C with a high b value (800 sec/mm?), but
we could not differentiate the two types with low b-
values (50, 200, 500). With a very high b-value, DWI
datum can display slow diffusion alternations.
Therefore, it should be important to use DWI with a
high b-value, because at a low b value the signal
intensity is dominated by fast diffusion, whereas at a

http://www.ksmrm.org

high b value, the signal intensity is governed predomi-
nantly by slow diffusion.

Hepatic hemangiomas consist of cavernous vascular
spaces that allow diffusion of water molecules through
intervening connective tissue septa. The lower ADC
values in the slowly enhancing hemangiomas may be
related to two conditions. First, slowly enhancing
hemangiomas may have more narrow cavernous
spaces, which have abundant and thick irregular
intervening septa that could facilitate low molecular
diffusion. Second, the presence of scar tissues within
the slow enhancing hemangioma may cause decreased
molecular diffusion secondary to fibrotic changes. Yu
et al asserted that no or minimal enhancement of the
hemangioma may be due to degenerative changes,
including organizing thrombus, hemorrhage or fibrotic
scar (23). In addition, Yamashita et al described that
the diffusion of the contrast material is very slow or
absent in hemangiomas with scar tissue (24).

A previous study determined that the ADC values of
the hepatic hemangiomas varied according to the
enhancement type, as determined by gadolinium-
enhanced MRI (8). The hemangiomas with early
enhancement had higher ADC values compared to
those with peripheral nodular enhancement and
delayed enhancement (8). Another study demonstrated
that a higher speed of blood flow in the cavernous
spaces of hepatic hemangiomas contributed signifi-
cantly to the relatively higher ADCs (11). Those two
results are in good agreement with what we found in
this study, but our interpretations differed. The authors
of the previous studies (8, 11) proposed that the
ADC:s of hepatic hemangiomas were directly affected
by the degree of intralesional perfusion rather than
diffusion. The previous study only used two b values
(0 and 500 sec/mm?) and their result cannot explain
whether the difference of ADC values in the enhance-
ment types is due to pure molecular diffusion or flow
(8). However, the result of this study demonstrated
that decreased signal intensities depended on diffusion
because ADC;,, ADC,, and ADC;,, were signifi-
cantly different between the types A and C, but
ADCq, was only significantly different than types B
and C. The ADC values of the hemangiomas can
combine both pure molecular diffusion and capillary
perfusion when DWI data are acquired with a
relatively low b-value (13). Thus, these results should

http://dx.doi.org/10.13104/jksmrm.2014.18.3.208



be further investigated with very high b values and a
large sample of hemangiomas. We assume that using a
very high b value might enhance the difference in
ADC values in the enhancement types of the hepatic
hemangiomas. Therefore, further studies with much
higher b-value, such as 2,000 sec/mm?* should be
performed to confirm our results.

This study has several limitations. First, the patient
population was small and the study design was
retrospective. Therefore, a prospective study with a
large sample size should be performed. Second, we
used only five b values (0, 50, 200, 500 and 800
sec/mm?) for IVIM MR imaging in this study, and
therefore it may be difficult to accurately characterize
biexponential signal attenuations. Although there is
no consensus as of yet regarding the number of b
values that should be used for clinical measurements,
a large number of b values may provide more data
support for measuring parameters (21). However, it is
not clinically feasible to obtain a large number of b
values, because this requires very long measurement
times. Third, the reproducibility measurement for ROI
of smaller hemangiomas may be another limitation.
Finally, although it is generally accepted that obtaining
typical imaging findings at two or more imaging
examinations is sufficient for diagnosing hemangioma,
all of our cases were not pathologically confirmed.
Therefore, we could not perform pathologic correla-
tion. To strengthen our results, further studies with
larger sample sizes, using multiple b values, and with
pathologic correlation are needed.

In summary, hepatic hemangiomas had variable
ADCs on DWI according to the enhancement patterns
as determined by gadolinium-enhanced MRI. The
lower ADC values in slowly enhancing hemangiomas
may be related to reduced pure molecular diffusion,
which is represented by decreased D values. The
slowly enhancing hemangiomas show low ADCs and
D, which may overlap with those of malignant tumors,
such as hepatocellular carcinomas, intrahepatic mass-
forming cholangiocarcinomas and metastases.

In conclusion, the IVIM MR imaging is useful in
discerning the reason for differences in ADC values
between hepatic hemangiomas with different enhance-
ment types.
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