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Non-breath-hold high b-value diffusion-weighted
MRI with parallel imaging technique: apparent
diffusion coefficient determination in normal

abdominal organs

Ozgiir Kilickesmez, Giilseren Yirik, Sibel Bayramoglu, Tan Cimilli, Sibel Aydin

PURPOSE

To detect apparent diffusion coefficient (ADC) values
in normal abdominal organs using non-breath-hold
high b-value diffusion-weighted magnetic resonance
imaging (DW-MRI) with a parallel imaging tech-
nique.

MATERIALS AND METHODS

A total of 50 patients with normal abdominal MRI
findings were retrospectively enrolled. DW-MRI was
performed with b-factors of 0, 500, and 1000 s/mm?.
Mean ADC measurements were calculated.

RESULTS

There were statistically significant differences (P <
0.001) between the ADC values of four liver segments
(left lobe lateral segment: 1.77 £ 0.21 x1073 mm?/s,
left lobe medial segment: 1.59 £ 0.21 x 1073 mm?/s,
right lobe anterior segment: 1.46 + 0.18 x 107> mm?/
s, right lobe posterior segment: 1.34 + 0.20 x 1073
mm?/s). The ADC value for the left lobe lateral seg-
ment was significantly higher than the values for the
other segments. The calculated ADC values for cortex
and medulla of kidney were 2.08 + 0.22 x 1073 mm?/
s, 1.94 £ 0.18 x 10”2 mm?/s, respectively; (P<0.001),
for pancreas tail 1.59 + 0.38 x 1073 mm?/s, for pan-
creas body 1.68 £ 0.26 x 102 mm?/s, pancreas head
1.65 +£0.29 x 1073 mm?2/s, stomach wall 1.84 + 0.22 x
1073 mm?/s, and spleen 1.28 + 0.38 x 1073 mm?/s.

CONCLUSION

Knowledge of ADC values for normal abdominal or-
gans will be required during quantitative evaluation
of DW-MR images in diseases in accordance with the
technique used. We believe that further studies inves-
tigating the effect of diseases on normal ADC values
are necessary and would be helpful in quantitative
DWI.
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logical tissues, which is called Brownian motion (1, 2). Diffusion-
weighted magnetic resonance imaging (DW-MRI) is a technique
that can be used noninvasively to quantify diffusion of water molecules
in biological tissues such as white matter in the brain. This technique is
widely used in neuroimaging, with its greatest use being for detection
of acute cerebral stroke (3). It has been limited in use primarily to the
central nervous system because the physiologic motion from respiration
and cardiac movement can seriously affect the image quality in other
parts of the body. With the advent of ultrafast single- and multi-shot
echoplanar imaging (EPI) techniques, DWI of the abdomen has become
possible (4). Also, parallel imaging techniques, which use the spatial in-
formation from a phased-array multicoil to reduce the number of signals
needed for a given spatial resolution, are used to reduce readout time
and scanning time, thereby improving the quality of EPI even if signal
intensity and signal-to-noise ratio (SNR) on the image can be changed
(5).
The purpose of this study was to detect the apparent diffusion coeffi-
cient (ADC) values in normal abdominal organs using high b-value DWI
with a parallel imaging technique.

D iffusion is thermally induced motion of water molecules in bio-

Materials and methods

This was a retrospective study conducted at a single institution. Dur-
ing a period of 4 months, a total of 50 patients (29 women and 21 men;
mean age, 38.9 years) with normal abdominal MRI findings were en-
rolled in the study. Since we perform diffusion MRI of the abdomen rou-
tinely, before the imaging study we inform all patients about contrast
material complications and the research protocol which we may pub-
lish, and receive their approval. The research protocol was approved by
the institutional ethics committee. Written consent was obtained from
all patients prior to commencement of the study.

MR imaging was performed on a 1.5 T body scanner (Avanto; Siemens,
Erlangen, Germany) with a 33 mT/m maximum gradient capability us-
ing a phased-array body coil.

Before diffusion weighted imaging was performed, breathhold, axial 3D
gradient-echo T1-weighted (TR, 5.32 ms; TE, 2.58 ms; FA, 10°; matrix,
256 x 166; slice numbers, 96; slice thickness, 2.5 mm; interslice gap, 20%;
FOV, 40 cm; averages, 1; acquisition time, 0:21 s; bandwith, 300 Hz/Px),
2D gradient-echo T1 in-phase and out-of-phase (TR, 128 ms; in-phase TE,
4.89 ms; out-of-phase TE, 2.38 ms; FA, 70°; matrix, 256 x 179; slice num-
bers, 30; slice thickness, 6 mm; interslice gap, 30%; FOV, 40 cm; averages,
1; acquisition time, 1:37 s; bandwith 1/2, 390/410 Hz/Px), axial respira-
tory-triggered, turbo spin-echo T2-weighted sequence with fat saturation
(TR, 1900 ms; TE, 76 ms; FA, 150° matrix, 384 x 276; slice numbers, 29;
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Figure 1. a-d. Diffusion-weighted imaging (DWI) of the liver with a b-factor of 0 s/mm? (a),
500 s/mm? (b), and 1000 s/mm? (c). Apparent diffusion coefficient (ADC) map of liver (d).
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slice thickness, 6 mm; interslice gap,
30%; FOV, 36 cm; averages, 1; acquisi-
tion time, 1:37 s; bandwith, 260 Hz/Px),
coronal T2-weighted half-Fourier sin-
gle-shot turbo spin-echo (HASTE) (TR,
1100 ms; TE, 116 ms; FA, 150°; matrix,
256 x 204; slice numbers, 25; slice thick-
ness, 6 mm; interslice gap, 30%; FOV,
35 cm; averages, 1; acquisition time,
0:28 s; bandwith, 488 Hz/Px) sequences
and then diffusion weighted single-shot
spin-echo echo-planar sequence with
the chemical shift selective fat-sup-
pression technique (TR/TE, 4900/93;
matrix, 192 x 192; slice numbers, 30;
slice thickness, 6 mm; interslice gap,
35%; FOV, 45 cm; averages, 5; acquisi-
tion time, approximately 3 min, PAT
factor, 2; PAT mode, parallel imaging
with modified sensitivity encoding [m
SENSE]) were carried out. DW-MRI was
performed with b-factors of 0, 500, and
1000 s/mm?.

Following DWI, contrast enhanced
dynamic imaging was performed with
an axial 3D gradient-echo T1-weighted
MR sequence during and after admin-
istration of gadopentetate dimeglu-
mine in a dose of 0.1 mmol/kg of body
weight as a bolus injection with 20 s
between each breath-hold acquisi-
tion (each breath hold lasted between
20-24 s). We routinely perform these
sequences with freebreathing diffusion
MRI in upper abdominal MRI exami-
nations.

Image interpretation

The DWI datasets were transferred
to an independent Workstation (Leon-
ardo console, software version 2.0; Sie-
mens AG Medical Solutions, Forchhe-
im, Germany) for postprocessing, and
the ADC maps were reconstructed.

To measure ADC values, we estab-
lished round regions of interest (ROI)
on each anatomical site. Care was
taken to exclude vessels and motion
artifacts from the ROIs. For each ADC
value measurement we applied 5 ROI
measurements and accepted the av-
erage of the closest 3 measurements
(Figs. 1, 2).

Statistical analysis

All statistical analyses were per-
formed using SPSS (Statistical Package
for Social Sciences) version 10.0 for
Windows. The ADC values of cases
are reported as the mean + standard
deviation. Also, variance analysis and
paired samples test for comparison of
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Figure 2. a, b. To measure apparent diffusion coefficients (ADCs), 5 circular regions of interest were placed over areas of homogeneous
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parenchyma, taking care not to include vessels or artifacts on b-factor 0 s/mm? (a) and then transported on the corresponding slices of the ADC
map (b) with a copy-paste operation. ADC then automatically appeared on the images. ADC of the parenchyma was obtained by averaging the

closest 3 of 5 measurements for each subject.

abdominal organ segments were per-
formed. A P value of less than 0.05 was
considered to indicate a statistically
significant difference.

Results

ADC values for all patients who un-
derwent conventional and DW-MRI
examinations are listed in Table.

There were statistically significant
differences among ADC values for 4
liver segments (P < 0.01) (left lobe lat-

Table. ADC values of normal abdominal organs

eral segment [LL]:1.77 + 0.21 x 1073
mm?/s, left lobe medial segment [LM]:
1.59 £ 0.21 x 1073 mm?/s, right lobe
anterior segment [RA]: 1.46 £ 0.18 x
1073 mm?/s, right lobe posterior seg-
ment [RP]: 1.34 + 0.20 x 1073 mm?/s).
The ADC value for the LL was signifi-
cantly higher than that for the LM
(P < 0.05), probably due to degraded
image quality. There was a signifi-
cant statistical difference (P < 0.01)
between ADC values for LL and RP,

Location

Mean ADC (mm?/s)

Liver?
Left lobe lateral seg
Left lobe medial seg
Right lobe anterior seg
Right lobe posterior seg

1.77 £0.21 x1073
1.59 £ 0.21 x1073
1.46 +0.18 x1073
1.34+£0.20 x1073

LL and RA, and RP and RA. The dif-
ference between the calculated ADC
values for the medulla and cortex of
kidney was statistically significant (P
< 0.001). Differences in ADC values
among the pancreatic head, body,
and tail were not statistically signifi-
cant (P > 0.05).

Discussion

Diffusion imaging is a MRI technique
that can be used to quantify diffusion
of water molecules noninvasively in
biological tissues such as white matter
in the brain. The random motion of
water molecules outside of the body is
uninhibited and called free diffusion.
However, in vivo, the diffusion is re-
stricted because of macromolecules
and intact cell membranes. Diffusion
restriction increases in highly cellular
tissues. In contrast, it decreases in low
cellular tissues with large extracellular
space or with broken down cellular

Kidney? membranes (6). DW images may be
i 2.08 +0.22 x10°3 evaluated both qualitatively and quan-

_ titatively. Visual assesment is possible

Medulla 1.94£0.18 x1072 by evaluation of the hyperintensity
Pancreas® observed in DW images. However, this
Head 1.65 + 0.29 x10°3 includes both restricted diffusion and

. the effect of tissues with high T2 re-

Body 1:68£0.26 X107 laxation times, which is called the T2

Tail 1.59£0.38 x107 shine through effect. To overcome this
Stomach 1.84 £ 0.22 x1073 effect ADC maps are interpreted. Areas
Spleen 1.28 +0.38 x10-3 of restricted diffusion show low ADC

ADC, apparent diffusion coefficient; seg, segment.

aThe differences of the ADC values among the segments/parts are statistically significant.
PThere is no statistically significant difference between parts of the organ.
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values and appear as a low signal area
(opposite to DW images). The quanti-
tative analysis of the diffusion may be
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calculated on a workstation by apply-
ing a ROI on the image.

The ADC, as a quantitive parameter
calculated from DWI, combines the ef-
fects of capillary perfusion and water
diffusion in the extracellular extravas-
cular space (4). Thus, DWI provides in-
formation on perfusion and diffusion
simultaneously in any organ. It can
be used to better differentiate normal
from abnormal structures of tissues,
and it might help in the characteri-
zation of various abnormalities (7).
However, for a correct interpretation,
the normal ADC values for biological
tissues should be known in accordance
with the diffusion technique used.

Due to the random organization of
the capillary network at the level of
the voxel, even the microcirculation of
blood has effects on the ADC. There-
fore, the ADC includes the effects of
both real diffusion and perfusion (pseu-
dodiffusion). The effect of perfusion
on the ADC is most pronounced with
low b values (e.g., b=50-100 s/mm?).
By contrast, high b values mostly over-
come this effect (e.g., b=1000 s/mm?)
(6, 8). We preferred to study high b
value DWI, to supress normal tissues as
much as possible, and to easily detect
highly cellular lesions.

Most of the abdominal DW-MRI
studies in the literature are based on
the single-shot breathhold technique
(9, 10). In our study, DW-MRI was per-
formed without breath holding, thus
allowing examination of severely ill,
old, or obese patients who were unable
to hold their breath for a long time. Our
preliminary results suggest that DW
imaging combined with parallel imag-
ing makes the usage of abdominal DW-
MRI possible without breathholding
in daily practice. Hence, even though
there were ghost and motion artifacts
degrading the image quality, they were
not severe enough to affect the diagno-
sis. It has been suggested that a parallel
imaging technique may help to reduce
artifacts and improve the reliability of
the measured values (5).

Geometric distortions and poor im-
age quality are the shortcomings of
single-shot imaging, however, it re-
mains the preferred technique due to
its reduced sensitivity to bulk motion
(11). This imaging technique allows a
target volume such as liver or kidney
to be rapidly assessed. Non-breath-
hold imaging allows the imaging of a
greater volume, even the whole body.

Thin sections and multiplanar refor-
mats are possible. Multi-shot inter-
leaved EPI with parallel imaging may
diminish distortions and enhance
spatial resolutions. It is an easy way to
apply parallel imaging techniques to
single-shot imaging. The disadvantage
of multi-shot imaging is motion-re-
lated phase error that varies from shot
to shot and interferes with sensitivity
encoding. Direct phase subtraction
methods are used but are insufficient
for removing all motion artifacts

A conjugate-gradient algorithm has
been used in which the phase error
has been treated as an image encod-
ing function (12).

A propeller multi-shot (blade se-
quence) DW-MRI has been proposed.
It has been acclaimed that high resolu-
tion images may be obtained with the
blade sequence because it improves
image quality by reducing geometric
distortions and artifacts. It has been
reported that the ADC values of phan-
toms and abdominal organs measured
by DW-propeller were generally great-
er than those measured by single-shot
DW-SE-EPT (13).

Compared with our results, lower as
well as higher ADC values have been
reported by other investigators. These
discrepancies may be due to differ-
ences in patient population, imaging
sequence used, TE, b value, or special
techniques that were applied, such as
peripheral pulse gating and longer ac-
quisition time (7, 14).

When interpreting a space-occupy-
ing lesion in the abdomen with DW-
MRI and ADC values, it is important to
know that the ADC values of organs dif-
fer and, moreover, that there are differ-
ences among the segments of liver and
between kidney cortex and medulla. In
our study it was important to know the
differences of the ADC values.

Appreciation of the normal ADC
values of the abdominal organs is im-
portant when interpreting DW images,
particularly in cases affecting all of the
target organ, when a normal region
of the organ may not be available for
comparison. DWI may be added to
routine abdominal imaging protocols,
and visual assesment of DW images
has been shown to add confidence to
lesion detection and characterization.
The additional benefit of DWI is the
ability to detect quantitative indices,
which may be important in the assess-
ment of disease response to treatment
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methods. Conventional assessment by
measuring lesion size is insensitive to
early treatment-related changes (15).

Knowledge of the ADC values of
normal abdominal organs will be re-
quired during quantitative evalua-
tion of DW-MR images of diseases in
accordance with the technique used.
There are many studies concerning
normal ADC values of the abdominal
organs, however, we aimed to deter-
mine these values with a freebreath-
ing and parallel imaging technique.
We believe that further studies in-
vestigating the effect of diseases on
normal ADC values are necessary and
would be helpful in quantitative DWI.
During the evaluation of abdominal
DW images and ADC maps it should
be kept in mind that the ADC values
of normal and pathological tissues
may differ according to the DWI tech-
niques that are used.

References

1. Le Bihan D. Diffusion/perfusion MR imag-
ing of the brain: from structure to func-
tion. Radiology 1990; 177:328-329.

2. Le Bihan D, Breton E, Lallemand D, Aubin
ML, Vignaud J, Laval-Jeantet M. Separation
of diffusion and perfusion in intravoxel in-
coherent motion MR imaging. Radiology
1988; 168:497-505.

3. Sorensen AG, Wu O, Copen WA, et al.
Human acute cerebral ischemia: detection
of changes in water diffusion anisotropy
by using MR imaging. Radiology 1999;
212:785-792.

4. Tsui EY, Chan JH, Cheung YK, Lai KF, Fong
D, Ng SH. Evaluation of cerebral abscesses
by diffusion-weighted MR imaging and
MR spectroscopy. Comput Med Imaging
Graph 2002; 26:347-351.

5. Yoshikawa T, Kawamitsu H, Mitchell DG,
et al. ADC measurement of abdominal
organs and lesions using parallel imaging
technique. AJR Am ] Roentgenol 2006;
187:1521-1530.

6. Koh DM, Collins DJ. Diffusion-weighted
MRI in the body: applications and chal-
lenges in oncology. AJR Am ] Roentgenol
2007; 188:1622-1635.

7. Thoeny HC, De Keyzer F, Oyen RH, Peeters
RR. Diffusion-weighted MR imaging of
kidneys in healthy volunteers and patients
with parenchymal diseases: initial experi-
ence. Radiology 2005; 235:911-917.

8. Colagrande S, Carbone SF, Carusi LM,
Cova M, Villari N. Magnetic resonance
diffusion weighted imaging: extraneuro-
logical applications. Radiol Med (Torino)
2006; 111:392-419.

9. Demir OI, Obuz F, Sagol O, Dicle O.
Contribution of diffusion-weighted MRI to
the differential diagnosis of hepatic mass-
es. Diagn Interv Radiol 2007; 13:81-86.

Kilickesmez et al.



10. Ichikawa T, Erturk SM, Motosugi U, et al.

11.

High-b value diffusion-weighted MRI for
detecting pancreatic adenocarcinoma:
preliminary results. AJR Am ] Roentgenol
2007; 188:409-414.

Skare S, Newbould RD, Clayton DB, Albers
GW, Nagle S, Bammer R. Clinical mul-
tishot DW-EPI through parallel imaging
with considerations of susceptibility, mo-
tion, and noise. Magn Reson Med 2007;
57:881-890.

Volume 14 ¢ Issue 2

12. Liu C,

13.

Moseley ME, Bammer R.
Simultaneous phase correction and SENSE
reconstruction for navigated multi-shot
DWI with non-cartesian k-space sampling.
Magn Reson Med 2005; 54:1412-1422.
Deng ], Miller FH, Salem R, Omary RA,
Larson AC. Multishot diffusion-weighted
PROPELLER magnetic resonance imag-
ing of the abdomen. Invest Radiol 2006;
41:769-775.

14. Taouli B, Martin AJ, Qayyum A, et al.

15.

Parallel imaging and diffusion tensor im-
aging for diffusion weighted MRI of the
liver: preliminary experience in healthy
volunteers. AJR Am ] Roentgenol 2004;
183:677-680.

Koh DM, Scurr E, Collins DJ, et al.
Colorectal hepatic metastases: quantitative
measurements using single-shot echo-pla-
nar diffusion-weighted MR imaging. Eur
Radiol 2006; 16:1898-1905.

DW-MR imaging in normal abdominal organs » 87




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


