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Abstract

Aims: Even though several publications are available and experiments were done in the topic of
the mechanical properties of vessels there is no data for special veins like coronary veins. Previ-
ously a few rectangular coronary vein parts had been examined and the results show that probably
there is a difference between the transversal and longitudinal direction of coronary vein. The aim
of this study is to investigating the differences in the mechanical properties of the two directions
with in vitro tensile tests.

Method: Coronary veins from six pig hearts were tested within one hour after explantation. Five
transversal and nine longitudinal coronary vein samples were prepared from these hearts and
kept in physiologic solution until the tests. The samples were evaluated in 37 °C physiologic solu-
tion with tensile equipment and the force-displacement curves were recorded. Based on these
curves and the tearing results the longitudinal and transversal tensile strengths, relative exten-
sions and Young’s modulus were calculated.

Results: The evaluation squarely proved the differences of mechanical properties between
the longitudinal and transversal directions of coronary vein samples. Transversal direction had
higher elongation properties (248+117% vs. 137%37%) but lower resistance to mechanical load-
ing (0.99£0.16 MPa vs. 2.55 = 0.46 MPa) than the longitudinal direction.

Conclusion: The experiments are successfully investigated the mechanical differences of coro-
nary vein directions. These are important parameters, because in case of special application the
maximal elongation capability and the maximal force that the vein can tolerate without injury
had to be known. With the result of these experiments the maximal loading concerning to coro-
nary veins can be modelled. However there are still question to answer for example the individual
role of the different layers of coronary veins which is not known during the mechanical testing.
Further investigations are necessary to perform in order to have a complete analysis of mechani-
cal properties of coronary veins.
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Introduction

Recently a new kind of in vitro testing of coro-
nary vein was published (Baldzs et al., 2008)
with limitations and raised questions regard-
ing to the method. It was necessary to carry out
because the previously performed vessel exam-
inations tested only saphenous veins and arter-
ies from different areas of the body. The litera-
ture of mechanical properties of blood vessels
are quite large and it is already known that the
arteries can be modelled as two-layer model
(Holzapfel GA et al,, 2000; Holzapfel GA
etal., 2002; Matsumoto T et al., 2002) and also
founded that blood vessels have incremental
Young’s modulus even if they were investi-
gated both for laws of elasticity and laws of
viscoelasticity (Xiao Lu et al., 2004; Fung YC
et al. 1995). It is also well known that the wall
thickness and isobaric elastic properties of vein
grafts increase after a few days and rearrange-
ment of the elastic structures occurs (Monos E
et al. 1995; Jenny S et al., 2006).

It is not enough to have experimental results
for arteries from all over the body because
the structural differences between arteries and
veins cause differences in the mechanical
properties as well. It is well known that the
vein has three layers. The first is a strong outer
cover of the vessel and consists of connective
tissues, collagen and elastic fibres. The second
one is the middle layer and consisting smooth
muscle and elastic fibres, which is thinner
in veins. The third one is consists of smooth
endothelial cells. These three layers have three
different mechanical properties and three dif-
ferent behaviours under mechanical loading.

Monos and his colleagues investigated the
elastic modulus of different veins based on
the Laplace—Frank equation (Monos E 2004).
They used intravascular pressure to measure
the tangential elastic stress and the relative dis-
placement.

There are some similar investigations that
concentrate on the blood flow simulation of
the vessel systems (Molnar F et al. 2005; Till S
et al., 2004; Till S et al., 2004) but these don’t
focus on mechanical properties on the com-
plete modelling of blood circuit in arteries and
veins as well.

Large coronary veins are placed on the outer
surface of the heart between fat and pectoral
muscle and the elongation mainly possible
via diameter increasing. This suggests that the
mechanical properties of longitudinal and
transversal direction of coronary veins could

be different.

In certain developments the initial data should
be the mechanical properties of coronary veins
such as the development of left ventricular
pacemaker leads or electrophysiology diagnos-
tic catheters that are placed in the coronary
vein. From the view of electrophysiology and
pacemaker lead fixation mechanisms, it is
more important to know the maximal force
and stress that may cause coronary vein dissec-
tions. This maximal force can be determined
by tensile tests. The force required to tear a
material and the amount it extends before
tearing are point of interest. Typically, the test-
ing involves taking a small sample with a fixed
cross-section area, and then pulling it with a
controlled, gradually increasing force until the
sample changes shape or breaks. Analysis of
force-displacement or strength-relative strain
curves can convey much about the material
being tested, and it can help in predicting it’s
behaviour.

The aim of this investigation is to evaluate the
differences between the mechanical properties
of transversal and longitudinal directions of
coronary veins with in vitro tensile tests.
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Methods

Six pig hearts were received from slaughter-
house and had been delivered within one hour
after explantation to the Semmelweis Univer-
sity in physiologic solution (Baxter Viaflo,
Natrium Clorid 0,9% “Bieffe” infusion). Cor-
onary veins were prepared form these hearts
immediately after receiving from slaughter-
house and kept in a physiologic solution until
testing. The total time between explantation
and testing phase was less than two hours.

Bartels-Stringer M et al suggest that after
3 hour storage in physiologic solution and
normal saline solution, contractile and relax-
ant vascular responses are similar in isolated
saphenous veins (Bartels-Stringer M et al,,
2004 and Boerboom LE et al., 1992) proved

that cold storage for 24 h did not affect vascu-
lar reactivity of blood vessels.

The diameters of coronary sinus (CS) were
between 4 and 5 mm. Longitudinal and trans-
versal samples were prepared. Optimal size
would be 5 mm width and 10 mm length with-
out side branches. Finally 9 longitudinal and
5 transversal CS sample were prepared and
stored in a physiologic solution until the test-
ing. The length, width and thickness of pre-
pared samples were measured immediately
after preparation and recorded together the
calculated cross sections (Table 1).

The longitudinal direction was defined as the
longitudinal plane of the vein and the trans-
versal direction was perpendicular to this, the
plane of crosssection (Figure 1).

Transversal samples Longitudinal samples
Sample Width  Thickness Length Cross Width  Thickness Length Cross
a, (mm) h, (mm) 1, (mm) section a (mm)  h; (mm) 1, (mm) section
A, (mm?) Ay (mm?)
1 6.30 0.55 9.87 3.47 6.60 0.38 22.53 2.49
2 6.10 0.48 9.97 291 8.83 0.34 17.87 2.97
3 6.37 0.47 10.87 2.97 8.10 0.40 18.53 3.21
4 6.70 0.52 7.97 3.48 6.80 0.40 16.10 2.74
5 5.90 0.40 8.93 2.36 7.73 0.53 22.30 4.10
6 — — — - 6.77 0.42 23.53 2.84
7 - - - - 7.83 0.48 19.07 3.76
8 - - - - 9.03 0.48 17.70 4.37
9 - - - - 8.93 0.43 15.77 3.87
Mean=CI | 6.27%+0.35 0.48+0.06 9.52+1.30 3.04%+0.47 | 7.85+0.80 0.43+0.05 19.27+2.38 3.37%+0.55

Table 1. Width, thickness, lengths and cross sections of the rectangular vein samples

Figure 1. Definition of sample directions
(1: longitudinal; 2: transversal)

The tensile tests were performed at Budapest
University of Technology and Economics,
Faculty of Mechanical Engineering, Depart-
ment of Polymer Engineering with Zwick
7020 tensile test machine.

A new type of grip was developed, because the
previously applied grips and fixation modes
caused the sample rupture just after fixation.
Two different types of surfaces were used in
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Figure 2. Testing equipment:
1— direction of tensile force; 2 — upper clamp;
3 — grips; 4 — vein sample; 5 — physiologic
solution on 37 °C; 6 — plug; 7 — lower clamp

one grip for fixating the coronary vein parts,
one side was silicone and the opposite was
reticulated metal. This combination of mate-
rials was appropriate and the fixation was sta-

ble.

A 37 °C degree physiologic solution (Baxter
Viaflo, Natrium Clorid 0,9% “Biefte” infu-
sion) was used (Figure 2) to modelling the

original surround and after every single testing
phase it was drained via the plug and replaced
with new 37 °C degree physiologic solution.

Tearing tests were performed with fixed lower
camp and a moving upper camp with a con-
stant stretching speed about 20 mm/min. The
distance between the grips was 5 mm in case
of the longitudinal samples and it had to be
decreased because of size limits to 3 mm for
the transversal samples. These distances were
used as the starting length (L) for the relative
extension calculations.

Maximal force and the inherent travel distance
values from the recorded force in function of

displacement curves were used as initial values

of the calculations (Table 2).

Relative extension as it shown in Equation 1
is the percentage of elongation during the ten-
sile test. It was calculated as the ratio of the
starting distance and the displacement.

AL
&=—"-100% (1)
0
Where is & —relative extension, L, — starting
length, AL — displacement (recorded by the
test machine during test).

Transversal Longitudinal
Sample Displacement Maximal force Displacement Maximal force

AL, (mm) F .. @) AL, (mm) Floax M)

1 11.16 3.76 6.25 5.94

2 4.22 3.19 731 7.05

3 11.03 3.29 5.84 9.54

4 6.95 3.39 7.60 4.94

5 3.90 1.68 10.06 9.50

6 - - 4.57 8.66

7 - - 6.33 11.68

8 - - 9.10 9.27

9 — - 737 11.18
Mean=CI 7.45£4.17 3.06%£0.95 7.16x1.4 8.64£1.89

Table 2. Travel distance and maximal force values for longitudinal and transversal samples based

on the force-displacement curves
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Typically the cross section at the time of rup-
ture is necessary to define the tensile strength.
In case of veins only the starting cross section
was available because after tearing the neces-
sary sizes at the time of rupture couldn’t be
measured. To evaluate the maximal strengths
(tensile strength as it is shown in Equation 2)
can be tolerated by the veins, the recorded
maximal forces and the previously calculated
original cross section was used.

o=—" )

Where is ¢ — tensile strength, F_ — maximal
max

force (recorded by the test machine during

test), A, — original cross section.

To evaluate the elastic properties it was
important to measure the degree of the elastic
deformation of veins under loading. Based on
the tensile strength and relative extension,
the Young’s modulus (elastic modulus) of the
coronary veins had been estimated with Equa-

tion 3.
E=Z 3)
&

Where is E — Elastic modulus, ¢ — tensile
strength, € — relative extension.

Each prepared coronary sinus sample was
successfully evaluated. The fixation mode was
proved to be stable however the first transver-
sal sample seemed to be instable. The force —
displacement curves were recorded and the
tensile strength in function of relative exten-
sion curves were made based on the previously
defined equations for the transversal and lon-
gitudinal directions of coronary veins.

Results

Tensile strength in function of relative exten-
sion curves for the longitudinal samples were
prepared (Figure 3).

The initial parts of the curves were identical,
showing the same elastic properties. On the
curves of the 1, 4 and the 9 samples there were
notches which could be connected to the par-
tional tearing of fat tissue which can not be
elongate as much the vein layers can. Except
these three curves, the others had continuous
running-up, elastic phase until the maximum
forces and the maximal tensile strengths were
reached. At the point of the maximum loading
the veins had the first injury and after that a
fast dive was observed in all of the cases. The
reason was the damage of the strongest layer
and a much lower force was needed to keep
the elongation.

As the vein consists of three layers and fat tis-
sue on the surface, after a certain elongation
only the tearing force of fat tissue was recorded.
These parts were removed from the curves in
Figure 3.

Testing of transversal samples was much more
complicated because of the smaller sizes. Dif-
ferent curves of the samples were received
(Figure 4), basically two types were repre-
sented. The first type what could be connected
to the 2. and 5. samples was similar to the lon-
gitudinal curve characteristic. The others had
different running up phases with slower
increasing of the strength. Injury of the vein
happened at the peak of the curves where is
the maximal loading and the end of the elastic
phase. Slow decreasing trend was observed in
the loading force and strength after the dam-
age caused by the maximal load.

Based on the recorded curves and the de-
fined equations the relative extension, ten-
sile strength and elastic modulus of the coro-
nary veins were calculated and detailed in
Table 5.

There are differences in the mechanical prop-
erties of the longitudinal and transversal sam-
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Figure 4. Tensile strength — Relative extension curves of transversal samples
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Transversal samples Longitudinal samples
Sample Relative Tensile Elastic Relative Tensile Elastic

extension strength modulus extension strength modulus
g, (%) o, (MPa) E, (MPa) € (%) o, (MPa) E, (MPa)

1 372 1.09 0.29 125 2.39 1.91

2 141 1.10 0.78 92 237 2.56

3 368 1.11 0.30 117 297 2.54

4 232 0.97 0.42 152 1.80 1.18

5 130 0.71 0.55 201 232 1.15

6 - - - 91 3.05 333

7 - - - 127 3.11 2.45

8 - - - 182 2.12 1.17

9 - - - 147 2.89 1.96
Mean*CI 248138 0.99+0.19 0.47£0.30 13731 2.55+0.38 2.030.64

Table 3. The calculated mechanical properties of coronary veins

ples. The averages and the standard deviations
of the mechanical properties were calculated
for the two directions. First of all the relative
extension was almost twice higher for the
transversal direction.

The tensile strength of the transversal sample
was less than half of the longitudinal sample
and the Young’s modulus was almost the
quarter of the longitudinal direction.

In order to have the visual comparison bet-
ween the two directions, one longitudinal and
one transversal curves were chosen closest
to the average of the calculated mechanical
properties. Finally the sample 4. of transversal
direction and the sample 9. of longitudinal
direction were compared in one diagram

(Figure 5).

Based on the comparison it was obvious that
the longitudinal samples need higher force to
tear than the transversal, but they had worse
relative extension and worse elongation prop-
erties. There is another important issue, the
question of damage. The longitudinal samples
after the maximal loading had a fast dive and
complete rupture, but the transversal samples
had a plateau phase and kept the strength after

3,04

254
Longitudinal direction
e Transversal direction

2,04

Tensile strength (MPa)
>
|

0,54
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0 50 100 150 200 250 300 350 400 450 500 550
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Figure 5. Comparison of the longitudinal sample
and transversal sample characteristic

the injury and the maximal strength were
reached. The curve was much flatter and
extended in case of the transversal sample than
the longitudinal.

Conclusions

The results obviously prove the mechanical
differences between the longitudinal and
transversal properties of the coronary veins.
These are important parameters, because in

30



Biomechanica Hungarica I11. évfolyam, 1. szdm

case of special application the maximal elon-
gation capability and the maximal force that
the vein can tolerate without injury had to be
known.

The mechanical properties of the coronary
veins were tested and defined however there
are still some questions. The elastic phase is
the zone wherein the veins don’t have any
kind of injury and if the loadings stopped the
vein retakes again it’s original size. However
it is not known whether the veins are able to
reshape after loading or they remain in the
extended size reached by testing. The individ-

ual role of the different layers of coronary
veins is not known during the mechanical
testing. These questions should be investiga-
ted in order to have a complete analysis of the
mechanical properties of the coronary veins.

Conflict on interest statement

We wish to confirm that there are no known
conflicts of interest associated with this publi-
cation and there has been no significant finan-
cial support for this work that could have
influenced its outcome.

REFERENCES

—_

. Baldzs T, Bogndr E, Zima E, Dobrinszky J. 2008.
Mechanical Properties of Coronary Veins. Gé-
pészet 2008, Proceedings of Sixth Conference
on Mechanical Engineering, n7.pdf.

2. Holzapfel GA, Gasser TC, Ogden RW. 2000.
A new constitutive framework for arterial wall
mechanics and a comparative study of material
models. Journal of Elasticity, 61:1-48.

3. Holzapfel GA, Gasser TC, Stadler M. 2002.
A structural model for the viscoelastic behaviour
of arterial walls: continuum formulation and
finite element analysis. European Journal of

Mechanics A/Solids, 21:441-463.

4. Matsumoto T, Sato M. 2002. Analysis of stress and
strain distribution in the artery wall consisted of
layers with different elastic modulus and opening
angle. JSME International Journal Series C,
Mechanical Systems, Machine Elements Manu-

facturing, 45:906-912.

5.Xiao L, Aditya P, Ghassam SK. 2004. Biaxial
incremental homeostatic elastic moduli of coro-
nary artery: two layer model. American Journal
of Physiology, Heart and Circulatory Physiology,
287:H1663-H1669.

6. Fung YC, Liu SQ. 1995. Determination of the
Mechanical Properties of the Different layers of
Blood Vessels in vivo. Proceedings of the Natio-
nal Academy of Sciences of the United States of
America, 92:2169-2173.

7. Monos E, Berczi V, Nidasy Gy. 1995. Local con-
trols of veins: biomechanical, metabolic, and
humoral aspects. Physiological reviews.

8. Jenny S, Ghassam SK. 2006. A novel strategy for
increasing wall thickness of coronary venules
prior to retroperfusion. American Journal of
Physiology, Heart and Circulatory Physiology,
291:H972-H978.

9. Molndr F, Till S, Haldsz G. 2005. Arterial blood
flow and blood pressure measurements at a
physical model of human arterial system.
Embec 2005, 3rd Europian Medical & Biologi-
cal Engineering Conference, ISSN 1727-1983.

10. Till S, Haldsz G. 2004. The effect of different
artery wall models on arterial blood flow simu-
lation. Proceedings of the first conference on

biomechanics, Budapest, Hungary, page 480—
485.

51

4. MAGYAR BIOMECHANIKAI KONFERENCIA — A-0032



4. MAGYAR BIOMECHANIKAI KONFERENCIA — A-0032

Biomechanica Hungarica I11. évfolyam, 1. szdm

11. Till S, Haldsz G. 2004. Modelling and numeri-
cal computation of arterial blood flow. Proceed-
ings of the 4. conference on mechanical engi-

lar reactivity of rat renal arteries after cold stor-
age. Cryobiology, 48(1):95-8.

neering, Budapest, Hungary, Volume 2, page  13. Boerboom LE, Wooldridge TA, Olinger GN,

769-773.

12. Bartels—Stringer M, Terlunen L, Siero H, Russel
FG, Smits P, Kramers C. 2004. Preserved vascu-

Tibor Balazs

Budapest University of Technology and Economics
Department of Materials Science and Engineering
H-1111 Budapest, Bertalan Lajos 7. MT.

Tel.: (+36) 30 420-2643

Fax: (+36) 1 326-4945

Rusch NJ. 1992. Effects of storage solutions on
contraction and relaxation of isolated saphe-
nous veins. ] Cardiovasc Pharmacol, 20 Suppl
12:580—4.

32




<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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.)
    /HUN <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


