Thermal intravascular photoacoustic imaging
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Abstract: Intravascular photoacoustics (IVPA)—a minimally invasive
imaging technique with contrast related to optical absorption properties of
tissue, can be used to visualize atherosclerotic plaques. However, the
amplitude of photoacoustic signals is also related to a temperature
dependent, tissue specific parameter—the Griineisen parameter. Therefore,
photoacoustic signals measured at different temperatures may reveal
information about tissue composition. In this study, thermal IVPA (tIVPA)
imaging was introduced. The imaging studies were performed using an ex
vivo atherosclerotic rabbit aorta. Temperature dependent photoacoustic
responses from lipid in plaques and lipid in periadventitial tissue were
different, thus allowing tIVPA images to delineate the location of lipid-rich
plaques. The results indicate that tIVPA imaging has a potential to
characterize tissue composition in atherosclerotic vessels.
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1. Introduction

Rupture of atherosclerotic plaques leads to many life-threatening cardiovascular events.
Rupture-prone plaques may be identified based on their composition. For example, a plaque
with a large lipid pool covered by a thin, macrophage-infiltrated fibrous cap has a high
likelihood to rupture [1]. Lipid is one of the most important components in atherosclerotic
plaques. Lipid in plaques results from accumulation of low density lipoprotein (LDL) particles
infiltrated into the arterial wall from vessel lumen. At the early stage of atherosclerosis, fatty
streaks can be observed from the vessel lumen [2]. As the disease progresses, lipid deposits
contribute to the soft, destabilizing necrotic core inside the plaques. The location and the size
of the necrotic lipid core are critical for the analysis of plaque stability [3].

Many imaging modalities are dedicated to detecting rupture-prone plaques by
characterizing tissue composition. Among these, intravascular imaging modalities generally
provide high-resolution, real-time images of the vessel wall, which lead to better disease
diagnosis and assist in the guidance of interventional therapeutic procedures. Intravascular
ultrasound (IVUS) imaging is the most widely used minimally invasive modality for imaging
the anatomy of the vessel wall. Lipid-rich plaques appear hypo-echoic in IVUS images [4].
Because of limited contrast between lipid-rich regions and other tissue types, additional
approaches are deployed for better distinction of lipid-rich plaques. For example, by analyzing
the displacement and strain maps within the vessel wall during the cardiac cycle, intravascular
elastography can differentiate fatty versus fibrous plaques based on the tissue strain [5].
Through analyzing the radiofrequency acoustic signal in the frequency domain, plaque
composition can be classified into fibrous, fibrolipidic, calcified, and calcified-nectronic
plaques [6]. Furthermore, as temperature increases, the speed of sound decreases in the fat
while increases in water—based on such contrast, [IVUS based thermal strain imaging can also
be used to detect lipid rich plaques [7].

Ultrasound-guided intravascular photoacoustic (IVPA) imaging is a minimally invasive
imaging modality for imaging atherosclerosis [8]. IVPA imaging is sensitive to optical
absorption contrast inside the vessel wall [9,10]. By combining an IVPA image with its co-
registered IVUS image, the distribution of the endogenous and exogenous optical absorption
contrast inside the vessel wall can be visualized [8,11]. IVPA imaging has the potential to
characterize plaque composition based on the characteristic optical absorption spectra of
various tissue types [12]. Spectroscopic IVPA imaging at optical wavelengths near 1210 nm
has been used to detect lipid-rich plaques in an ex vivo atherosclerotic animal and human
arteries [13—15]. Here we demonstrate that thermal properties of the tissues can be used to
generate contrast in IVPA images and distinguish between the plaque and other vascular
tissues.
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In IVPA imaging, the vessel wall is irradiated by a short laser pulse. Tissue then
undergoes thermal expansion upon absorbing laser energy and subsequently generates
photoacoustic (PA) waves. If the laser pulse duration is significantly shorter than the thermal
and stress relaxation time of the tissue, the heat generated by optical absorption does not have
time to diffuse out of the heated region during the laser pulse. The maximum initial PA

pressure p, then has the following form [16]:
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where g, is the optical absorption coefficient of the tissue; F' is the laser fluence; 4, is the

effective attenuation coefficient of light in tissue; z is the depth, and T is the Griineisen
parameter defined as
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where v, denotes the speed of sound; g is the thermal coefficient of volume expansion; C,

is the specific heat capacity at constant pressure. Because v, £, and C, are all temperature-

dependent, tissue-specific parameters, so is the Griineisen parameter I'. Therefore, if the
Griineisen parameter of a specific tissue type at various temperatures is known, PA imaging
can be used to remotely monitor the temperature change [17,18]. Alternatively, tissue
composition may be identified based on temperature-dependent PA responses. In this study,
by changing the temperature, lipid-rich plaques are detected based on their characteristic
temperature-dependent IVPA signal change. This technique is thus referred to as thermal
IVPA (tIVPA) imaging.

2. Materials and methods
2.1. Animal model

A Watanabe heritable hyperlipidemic (WHHL) rabbit was used as the animal model for
atherosclerosis. WHHL rabbits have high LDL levels in circulating blood due to their genetic
deficiency of LDL receptors. This type of rabbit can spontaneously develop atherosclerosis in
the aorta and coronary arteries [19]. Lipid metabolism and atherosclerotic plaques of WHHL
rabbit resemble that of human [20,21]. Within 12 to 18 months of age, severe plaques build up
in the arteries of WHHL rabbits.

In this study, the abdominal aorta procured from a one year old WHHL rabbit was used for
tIVPA imaging. Prior to imaging, a WHHL rabbit was sacrificed and the segment of the aorta
was removed and preserved in saline damped gauze at around 4°C. Imaging experiments were
performed within 24 hours after sacrificing the rabbit.

2.2. Imaging system

To image an excised vessel, a bench top, combined intravascular IVUS/IVPA imaging system
was used (Fig. 1). The ex vivo aorta sample was immersed inside a water cuvette filled with
saline. A 40 MHz single element IVUS imaging catheter (Boston Scientific, Inc.) was placed
inside the vessel lumen. The transducer located at the tip of the imaging catheter was aligned
with the optical fiber. The aorta sample was rotated by a stepper motor (Zaber, Inc.) for cross-
sectional scanning. Each cross-sectional scanning consisted of 256 A-lines. The laser source
for IVPA imaging was provided by a tunable optical parametric oscillator (OPO) laser system
(Spectra-Physics, Inc.) capable of generating laser pulses of approximately 3-5 ns duration at
10 Hz repetition rate. The energy of each laser pulse was recorded for off-line compensation
of the pulse-to-pulse laser energy variation. Once a laser pulse was generated, an analog to
digital convertor card (CompuScope 14200, GaGe, Inc.) was triggered to sample the radio
frequency signal at a 200 MHz sampling rate. After a user defined delay, a pulser/receiver

#152125 - $15.00 USD Received 2 Aug 2011; revised 30 Sep 2011; accepted 3 Oct 2011; published 13 Oct 2011
(C) 2011 OSA 1 November 2011 / Vol. 2, No. 11/ BIOMEDICAL OPTICS EXPRESS 3074



(5073PR, Olympus, Inc.) was triggered for conventional intravascular ultrasound imaging.
The system was capable of acquiring co-registered IVPA and IVUS images of the aorta
sample in a cross-sectional view.
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Fig. 1. Combined IVUS/IVPA imaging system for tIVPA imaging.

2.3 Experimental protocol

The abdominal aorta sample was imaged ex vivo within 24 hours after sacrificing the WHHL
rabbit. During the imaging experiment, the aorta sample was placed inside the water cuvette
with one end attached to a fixture connected to the stepper motor (Fig. 1). The temperature of
the aorta sample was changed by adding warm saline, and then cooled down with ice. In order
to confirm that the temperature-dependent PA responses were consistent and reversible, the
increase and decrease in temperature was repeated three times. Tissue temperature was
monitored by a digital thermometer placed inside the water cuvette.

2.4 Image processing

IVPA images acquired at two different temperatures were spatially averaged with a kernel
size of 266 um (axial) by 15.5 degree (azimuthal). The kernel size was around five times
larger than the axial resolution and two times larger than the azimuthal resolution of IVPA
imaging. The relatively large size of the kernel was selected to minimize the effect of the
unwanted tissue motion caused by several factors including irregular mechanical rotation of
the sample as well as addition of ice or warm saline to the water cuvette. Then, the finite
difference of the PA amplitude between the two [VPA images was calculated as

Lo _gh
S =8,

D, =t 3)
! (Tl _Tz)'Sfj

where Sfj. is the PA signal amplitude at pixel 7, j at temperature 7', and D, ; is the resultant

finite difference map. The finite difference map was then color-coded to form the tIVPA
image, and displayed over the co-registered IVUS image to show the relative location and
magnitude of the tIVPA signal in context of vessel morphology.

3. Results

The rabbit aorta was imaged first at room temperature (25°C) using combined IVUS/IVPA
imaging system. IVPA imaging was performed at 1210 nm wavelength because lipid has a
high optical absorption coefficient at this wavelength [22]. The cross-sectional IVUS image of
the vessel showed two hypo-echoic regions that corresponded to the location of plaques
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(yellow arrows in Fig. 2(a)). The combined IVUS/IVPA image of the same cross-section is
presented in Fig. 2(b). Strong PA signals present at the plaque region indicated that these
plaques were rich in lipid. Strong PA signals were also observed at the periadventitial regions
of the aorta. These signals may have originated from the periadventitial fat due to high optical
absorption, high surface optical fluence, and subsurface optical fluence due to the refractive
index mismatch between saline and arterial tissue. Oil red O stain for lipid, performed on the
tissue section adjacent to the imaged cross-section, confirmed that the aorta contained lipid
rich plaques in the intimal layer (Fig. 2(c)).
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Fig. 2. (a) IVUS and (b) combined IVUS/IVPA (1210 nm wavelength) images of the
atherosclerotic vessel. The images were acquired at 25°C. Yellow arrows in these images
indicate the location of atherosclerotic plaques. (c) Oil red O stain confirmed that the imaged
aorta had lipid-rich plaques. The angular position of the histological slide was chosen based on
the visual correlation of the shape of the vessel wall in histology and the IVUS image. (d)
Comparison of the temperature dependent normalized amplitude of PA signal in plaque and the
adventitia (error bars correspond to plus/minus one standard deviation).

To observe the temperature dependent PA response, the temperature of the artery was
changed from 38 °C to 17.5 °C three times, and PA responses from areas with high PA signal
were analyzed. Specifically, four regions within the plaque and the periadventitial sections
were identified and PA signals within these regions were averaged. The amplitude of PA
signal was then normalized to the maximum amplitude and plotted versus temperature (Fig.
2(d)). Interestingly, the PA amplitude from periadventitial regions does not change and
remained relatively constant with temperature, while the PA amplitude from plaques
decreased with increasing temperature. The different trends of the PA amplitude demonstrates
that the Griineisen parameters for lipid in plaques and tissues in the periadventitial region
have different temperature dependencies and, therefore, suggests that lipid in plaques may be
differentiated based on the tIVPA imaging.
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Using IVPA data obtained at 25 °C and 38 °C, a finite difference map was calculated
based on Eq. (3) and a tIVPA image was generated. The regions with decreasing PA

amplitude versus temperature (0.4/13 <D, ; <0.95/13 ) were colored orange, and displayed

over the co-registered IVUS image (Fig. 3(a)). As shown in the tIVPA image (Fig. 3(a)), the
PA responses from plaque regions showed consistently decreasing PA amplitude with
increasing temperature, while the PA response from the periadventitial regions was different.

Spectroscopic IVPA (sIVPA) imaging at the same cross-section of the aorta was
performed within 1210-1230 nm wavelength range [14]. Similar to tIVPA imaging, sIVPA
imaging of lipid also successfully delineated lipid-rich regions in the arterial wall (Fig. 3 (b)),
confirming that lipid regions in the tIVPA image reflected lipid deposits inside the plaque.
Interestingly, compared to the tIVPA image, sIVPA image showed more lipid constituents in
the periadventitial layer of the aorta. This difference indicates that although the lipid deposits
in plaques and the periadventitial fat have similar optical properties, their Gruneisen
parameter and, therefore, temperature dependent PA response are different.

To further investigate the differences of temperature dependent PA responses between
lipid in plaques and lipid in adipose tissue, a sample of rabbit abdominal fat was imaged with
the combined IVUS/IVPA imaging system (Fig. 1) by placing the tissue sample between the

Fig. 3. (a) Thermal IVPA (tIVPA) and (b) spectroscopic IVPA (sIVPA) images of the same
cross-section of the atherosclerotic artery. Lipid-rich atherosclerotic plaques have similar
appearance in tIVPA and sIVPA images while periadventitial fat does not appear in the tIVPA
image.
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Fig. 4. Temperature dependence of the normalized amplitude of PA signal measured in a
sample of rabbit’s abdominal fat.
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optical fiber and the single element IVUS catheter. PA signals were acquired at various
temperatures at 1210 nm wavelength and normalized to the maximum of the amplitude of PA
signal. As shown in Fig. 4, the PA amplitude increases slightly within 22°C to 38°C
temperature range. Such a trend is opposite to the temperature dependence of the PA signal
generated by lipid deposits in the plaques (Fig. 2(d), red line), therefore confirming that
adipose tissue has a different temperature dependent PA response compared to lipid in
plaques.

4. Discussion and conclusions

We demonstrated that tIVPA imaging can be used to differentiate tissues, in particular, lipid
in atherosclerotic plaques and adipose tissue. With increasing tissue temperature, the PA
amplitude of lipid in plaques decreased while the PA amplitude of lipid in periadventitial and
abdominal fat remained relatively constant within 20-38°C temperature range. The different
trends of the PA responses indicated that the Griineisen parameter of lipids from various
regions of body have unique temperature dependences. These dependences may result from
differences in tissue composition. Adipose tissues mainly consist of triglyceride, whereas lipid
deposits in atherosclerotic plaques originate from LDL particles having a low triglyceride
concentration, but a high concentration of cholesterol and cholesterol esters [23]. The
difference in triglyceride concentration may be the source of tIVPA contrast.

Various factors such as depth- and wavelength-dependent fluence distribution, the small
displacement of aorta sample between different cross-sectional scans, and the variability in
acoustic pressure and the sensitivity of the IVUS imaging catheter can influence the amplitude
of the PA signal. However, these factors do not affect significantly the temperature
dependence of the PA response and, therefore, the contrast in tIVPA images.

The difference of thermal PA responses between lipid in plaques and adipose tissue was
studied using a rabbit model of atherosclerosis. In humans, the change of PA signal with
temperature (Fig. 3(d)) may be different because human lipoprotein particles contain different
proportion of lipid component [21]. Therefore, future studies using human atherosclerotic
tissue needs to be performed to identify the proper temperature range for the detection of
lipid-rich plaques. tIVPA imaging can also be used to detect periadventitial fat in
atherosclerotic vessels, which relates to the progression of atherosclerosis [24].

In clinical practice, the decrease or increase of the temperature of the blood vessel wall
may be induced by flushing low temperature fluid, inflating a balloon catheter filled with low
temperature fluid, or irradiating the artery wall with ultrasound wave or electromagnetic
radiation (e.g. laser light or microwaves). Thermal PA imaging of lipid can also be applied to
image superficial vessels such as carotid arteries. Finally, thermal PA imaging may also be
applied to cancer diagnosis and imaging of other pathologies where lipid plays an important
role in disease formation and progression.

In conclusion, IVPA imaging was performed ex vivo on an atherosclerotic rabbit artery at
different temperatures. Different temperature dependencies of PA responses were found in
lipid and periadventitial fat. Based on the thermal PA responses, we introduced thermal
intravascular photoacoustic (tIVPA) imaging to differentiate lipid in atherosclerotic plaques.
The advantage of tIVPA imaging is that it could be performed using an [IVPA imaging system
operating at a single wavelength. More importantly, tIVPA imaging has the potential to
differentiate lipids that have the same optical absorption property and, therefore, may not be
distinguishable using conventional photoacoustic imaging approaches.

Acknowledgments

This work was supported in part by the National Institutes of Health under grant HL096981.
Tissue samples were provided by Dr. Richard Smalling and Mr. James Amirian from the
University of Texas Health Science Center in Houston. The authors would like to thank
Dr. Wolfgang Frey from the Department of Biomedical Engineering at the University of
Texas at Austin for helpful discussions. The authors would also like to acknowledge the
technical support from Boston Scientific, Inc.

#152125 - $15.00 USD Received 2 Aug 2011; revised 30 Sep 2011; accepted 3 Oct 2011; published 13 Oct 2011
(C) 2011 OSA 1 November 2011 / Vol. 2, No. 11 / BIOMEDICAL OPTICS EXPRESS 3078




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /All

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.5

  /CompressObjects /All

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /sRGB

  /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 false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

    /AcademyEngravedLetPlain

    /ACaslonPro-Bold

    /ACaslonPro-BoldItalic

    /ACaslonPro-Italic

    /ACaslonPro-Regular

    /ACaslonPro-Semibold

    /ACaslonPro-SemiboldItalic

    /AdobeArabic-Bold

    /AdobeArabic-BoldItalic

    /AdobeArabic-Italic

    /AdobeArabic-Regular

    /AdobeFangsongStd-Regular

    /AdobeFanHeitiStd-Bold

    /AdobeGothicStd-Bold

    /AdobeHebrew-Bold

    /AdobeHebrew-BoldItalic

    /AdobeHebrew-Italic

    /AdobeHebrew-Regular

    /AdobeHeitiStd-Regular

    /AdobeKaitiStd-Regular

    /AdobeMingStd-Light

    /AdobeMyungjoStd-Medium

    /AdobeSongStd-Light

    /AGaramondPro-Bold

    /AGaramondPro-BoldItalic

    /AGaramondPro-Italic

    /AGaramondPro-Regular

    /AgencyFB-Bold

    /AgencyFB-Reg

    /Aharoni-Bold

    /Algerian

    /Andalus

    /AngsanaNew

    /AngsanaNew-Bold

    /AngsanaNew-BoldItalic

    /AngsanaNew-Italic

    /AngsanaUPC

    /AngsanaUPC-Bold

    /AngsanaUPC-BoldItalic

    /AngsanaUPC-Italic

    /Aparajita

    /Aparajita-Bold

    /Aparajita-BoldItalic

    /Aparajita-Italic

    /ArabicTypesetting

    /Arial-Black

    /Arial-BoldItalicMT

    /Arial-BoldMT

    /Arial-ItalicMT

    /ArialMT

    /ArialNarrow

    /ArialNarrow-Bold

    /ArialNarrow-BoldItalic

    /ArialNarrow-Italic

    /ArialRoundedMTBold

    /ArialUnicodeMS

    /BaskOldFace

    /Batang

    /BatangChe

    /Bauhaus93

    /BellMT

    /BellMTBold

    /BellMTItalic

    /BerlinSansFB-Bold

    /BerlinSansFBDemi-Bold

    /BerlinSansFB-Reg

    /BernardMT-Condensed

    /BirchStd

    /BlackadderITC-Regular

    /Blackletter686BT-Regular

    /BlackoakStd

    /BodoniMT

    /BodoniMTBlack

    /BodoniMTBlack-Italic

    /BodoniMT-Bold

    /BodoniMT-BoldItalic

    /BodoniMTCondensed

    /BodoniMTCondensed-Bold

    /BodoniMTCondensed-BoldItalic

    /BodoniMTCondensed-Italic

    /BodoniMT-Italic

    /BodoniMTPosterCompressed

    /BookAntiqua

    /BookAntiqua-Bold

    /BookAntiqua-BoldItalic

    /BookAntiqua-Italic

    /BookmanOldStyle

    /BookmanOldStyle-Bold

    /BookmanOldStyle-BoldItalic

    /BookmanOldStyle-Italic

    /BookshelfSymbolSeven

    /BradleyHandITC

    /BritannicBold

    /Broadway

    /BroadwayBT-Regular

    /BrowalliaNew

    /BrowalliaNew-Bold

    /BrowalliaNew-BoldItalic

    /BrowalliaNew-Italic

    /BrowalliaUPC

    /BrowalliaUPC-Bold

    /BrowalliaUPC-BoldItalic

    /BrowalliaUPC-Italic

    /BrushScriptMT

    /BrushScriptStd

    /Calibri

    /Calibri-Bold

    /Calibri-BoldItalic

    /Calibri-Italic

    /CalifornianFB-Bold

    /CalifornianFB-Italic

    /CalifornianFB-Reg

    /CalisMTBol

    /CalistoMT

    /CalistoMT-BoldItalic

    /CalistoMT-Italic

    /Calligraphic421BT-RomanB

    /Cambria

    /Cambria-Bold

    /Cambria-BoldItalic

    /Cambria-Italic

    /CambriaMath

    /Candara

    /Candara-Bold

    /Candara-BoldItalic

    /Candara-Italic

    /Castellar

    /CataneoBT-Regular

    /Centaur

    /Century

    /CenturyGothic

    /CenturyGothic-Bold

    /CenturyGothic-BoldItalic

    /CenturyGothic-Italic

    /CenturySchoolbook

    /CenturySchoolbook-Bold

    /CenturySchoolbook-BoldItalic

    /CenturySchoolbook-Italic

    /ChaparralPro-Bold

    /ChaparralPro-BoldIt

    /ChaparralPro-Italic

    /ChaparralPro-Regular

    /CharlemagneStd-Bold

    /Chiller-Regular

    /ColonnaMT

    /ComicSansMS

    /ComicSansMS-Bold

    /Consolas

    /Consolas-Bold

    /Consolas-BoldItalic

    /Consolas-Italic

    /Constantia

    /Constantia-Bold

    /Constantia-BoldItalic

    /Constantia-Italic

    /CooperBlack

    /CooperBlackStd

    /CooperBlackStd-Italic

    /CopperplateGothic-Bold

    /CopperplateGothic-Light

    /Corbel

    /Corbel-Bold

    /Corbel-BoldItalic

    /Corbel-Italic

    /CordiaNew

    /CordiaNew-Bold

    /CordiaNew-BoldItalic

    /CordiaNew-Italic

    /CordiaUPC

    /CordiaUPC-Bold

    /CordiaUPC-BoldItalic

    /CordiaUPC-Italic

    /CourierNewPS-BoldItalicMT

    /CourierNewPS-BoldMT

    /CourierNewPS-ItalicMT

    /CourierNewPSMT

    /CurlzMT

    /DaunPenh

    /David

    /David-Bold

    /DFKaiShu-SB-Estd-BF

    /DilleniaUPC

    /DilleniaUPCBold

    /DilleniaUPCBoldItalic

    /DilleniaUPCItalic

    /DokChampa

    /Dotum

    /DotumChe

    /Ebrima

    /Ebrima-Bold

    /EdwardianScriptITC

    /Elephant-Italic

    /Elephant-Regular

    /EngraversMT

    /ErasITC-Bold

    /ErasITC-Demi

    /ErasITC-Light

    /ErasITC-Medium

    /EstrangeloEdessa

    /Euclid

    /Euclid-Bold

    /Euclid-BoldItalic

    /EuclidExtra

    /EuclidExtra-Bold

    /EuclidFraktur

    /EuclidFraktur-Bold

    /Euclid-Italic

    /EuclidMathOne

    /EuclidMathOne-Bold

    /EuclidMathTwo

    /EuclidMathTwo-Bold

    /EuclidSymbol

    /EuclidSymbol-Bold

    /EuclidSymbol-BoldItalic

    /EuclidSymbol-Italic

    /EucrosiaUPC

    /EucrosiaUPCBold

    /EucrosiaUPCBoldItalic

    /EucrosiaUPCItalic

    /EuphemiaCAS

    /FangSong

    /FelixTitlingMT

    /FencesPlain

    /FootlightMTLight

    /ForteMT

    /FranklinGothic-Book

    /FranklinGothic-BookItalic

    /FranklinGothic-Demi

    /FranklinGothic-DemiCond

    /FranklinGothic-DemiItalic

    /FranklinGothic-Heavy

    /FranklinGothic-HeavyItalic

    /FranklinGothic-Medium

    /FranklinGothic-MediumCond

    /FranklinGothic-MediumItalic

    /FrankRuehl

    /FreesiaUPC

    /FreesiaUPCBold

    /FreesiaUPCBoldItalic

    /FreesiaUPCItalic

    /FreestyleScript-Regular

    /FrenchScriptMT

    /Gabriola

    /Garamond

    /Garamond-Bold

    /Garamond-Italic

    /Gautami

    /Gautami-Bold

    /Georgia

    /Georgia-Bold

    /Georgia-BoldItalic

    /Georgia-Italic

    /GiddyupStd

    /Gigi-Regular

    /GillSansMT

    /GillSansMT-Bold

    /GillSansMT-BoldItalic

    /GillSansMT-Condensed

    /GillSansMT-ExtraCondensedBold

    /GillSansMT-Italic

    /GillSans-UltraBold

    /GillSans-UltraBoldCondensed

    /Gisha

    /Gisha-Bold

    /GloucesterMT-ExtraCondensed

    /GoudyOldStyleT-Bold

    /GoudyOldStyleT-Italic

    /GoudyOldStyleT-Regular

    /GoudyStout

    /Gulim

    /GulimChe

    /Gungsuh

    /GungsuhChe

    /Haettenschweiler

    /HarlowSolid

    /Harrington

    /HighTowerText-Italic

    /HighTowerText-Reg

    /HoboStd

    /HolidayPiBT-Regular

    /Impact

    /ImprintMT-Shadow

    /InformalRoman-Regular

    /IrisUPC

    /IrisUPCBold

    /IrisUPCBoldItalic

    /IrisUPCItalic

    /IskoolaPota

    /IskoolaPota-Bold

    /JasmineUPC

    /JasmineUPCBold

    /JasmineUPCBoldItalic

    /JasmineUPCItalic

    /JokermanLetPlain

    /Jokerman-Regular

    /JuiceITC-Regular

    /KaiTi

    /Kalinga

    /Kalinga-Bold

    /Kartika

    /Kartika-Bold

    /KhmerUI

    /KhmerUI-Bold

    /KodchiangUPC

    /KodchiangUPCBold

    /KodchiangUPCBoldItalic

    /KodchiangUPCItalic

    /Kokila

    /Kokila-Bold

    /Kokila-BoldItalic

    /Kokila-Italic

    /KozGoPr6N-Bold

    /KozGoPr6N-ExtraLight

    /KozGoPr6N-Heavy

    /KozGoPr6N-Light

    /KozGoPr6N-Medium

    /KozGoPr6N-Regular

    /KozGoPro-Bold

    /KozGoPro-ExtraLight

    /KozGoPro-Heavy

    /KozGoPro-Light

    /KozGoPro-Medium

    /KozGoPro-Regular

    /KozMinPr6N-Bold

    /KozMinPr6N-ExtraLight

    /KozMinPr6N-Heavy

    /KozMinPr6N-Light

    /KozMinPr6N-Medium

    /KozMinPr6N-Regular

    /KozMinPro-Bold

    /KozMinPro-ExtraLight

    /KozMinPro-Heavy

    /KozMinPro-Light

    /KozMinPro-Medium

    /KozMinPro-Regular

    /KristenITC-Regular

    /KunstlerScript

    /LaoUI

    /LaoUI-Bold

    /Latha

    /Latha-Bold

    /LatinWide

    /Leelawadee

    /Leelawadee-Bold

    /LetterGothicStd

    /LetterGothicStd-Bold

    /LetterGothicStd-BoldSlanted

    /LetterGothicStd-Slanted

    /LevenimMT

    /LevenimMT-Bold

    /LilyUPC

    /LilyUPCBold

    /LilyUPCBoldItalic

    /LilyUPCItalic

    /LithosPro-Black

    /LithosPro-Regular

    /LucidaBright

    /LucidaBright-Demi

    /LucidaBright-DemiItalic

    /LucidaBright-Italic

    /LucidaCalligraphy-Italic

    /LucidaConsole

    /LucidaFax

    /LucidaFax-Demi

    /LucidaFax-DemiItalic

    /LucidaFax-Italic

    /LucidaHandwriting-Italic

    /LucidaSans

    /LucidaSans-Demi

    /LucidaSans-DemiItalic

    /LucidaSans-Italic

    /LucidaSans-Typewriter

    /LucidaSans-TypewriterBold

    /LucidaSans-TypewriterBoldOblique

    /LucidaSans-TypewriterOblique

    /LucidaSansUnicode

    /Magneto-Bold

    /MaiandraGD-Regular

    /MalgunGothic

    /MalgunGothicBold

    /MalgunGothicRegular

    /Mangal

    /Mangal-Bold

    /Marlett

    /MaturaMTScriptCapitals

    /Meiryo

    /Meiryo-Bold

    /Meiryo-BoldItalic

    /Meiryo-Italic

    /MeiryoUI

    /MeiryoUI-Bold

    /MeiryoUI-BoldItalic

    /MeiryoUI-Italic

    /MesquiteStd

    /MicrosoftHimalaya

    /MicrosoftJhengHeiBold

    /MicrosoftJhengHeiRegular

    /MicrosoftNewTaiLue

    /MicrosoftNewTaiLue-Bold

    /MicrosoftPhagsPa

    /MicrosoftPhagsPa-Bold

    /MicrosoftSansSerif

    /MicrosoftTaiLe

    /MicrosoftTaiLe-Bold

    /MicrosoftUighur

    /MicrosoftYaHei

    /MicrosoftYaHei-Bold

    /Microsoft-Yi-Baiti

    /MilanoLet

    /MingLiU

    /MingLiU-ExtB

    /Ming-Lt-HKSCS-ExtB

    /Ming-Lt-HKSCS-UNI-H

    /MinionPro-Bold

    /MinionPro-BoldCn

    /MinionPro-BoldCnIt

    /MinionPro-BoldIt

    /MinionPro-It

    /MinionPro-Medium

    /MinionPro-MediumIt

    /MinionPro-Regular

    /MinionPro-Semibold

    /MinionPro-SemiboldIt

    /Miriam

    /MiriamFixed

    /MisterEarlBT-Regular

    /Mistral

    /Modern-Regular

    /MongolianBaiti

    /MonotypeCorsiva

    /MoolBoran

    /MS-Gothic

    /MS-Mincho

    /MSOutlook

    /MS-PGothic

    /MS-PMincho

    /MSReferenceSansSerif

    /MSReferenceSpecialty

    /MS-UIGothic

    /MT-Extra

    /MTExtraTiger

    /MVBoli

    /MyriadPro-Bold

    /MyriadPro-BoldCond

    /MyriadPro-BoldCondIt

    /MyriadPro-BoldIt

    /MyriadPro-Cond

    /MyriadPro-CondIt

    /MyriadPro-It

    /MyriadPro-Regular

    /MyriadPro-Semibold

    /MyriadPro-SemiboldIt

    /MyriadWebPro

    /MyriadWebPro-Bold

    /MyriadWebPro-Italic

    /Narkisim

    /NiagaraEngraved-Reg

    /NiagaraSolid-Reg

    /NSimSun

    /NuevaStd-BoldCond

    /NuevaStd-BoldCondItalic

    /NuevaStd-Cond

    /NuevaStd-CondItalic

    /Nyala-Regular

    /OCRAExtended

    /OCRAStd

    /OldDreadfulNo7BT-Regular

    /OldEnglishTextMT

    /OneStrokeScriptLetPlain

    /Onyx

    /OratorStd

    /OratorStd-Slanted

    /OSAEditMarks

    /PalaceScriptMT

    /PalatinoLinotype-Bold

    /PalatinoLinotype-BoldItalic

    /PalatinoLinotype-Italic

    /PalatinoLinotype-Roman

    /Papyrus-Regular

    /Parchment-Regular

    /ParkAvenueBT-Regular

    /Perpetua

    /Perpetua-Bold

    /Perpetua-BoldItalic

    /Perpetua-Italic

    /PerpetuaTitlingMT-Bold

    /PerpetuaTitlingMT-Light

    /PlantagenetCherokee

    /Playbill

    /PMingLiU

    /PMingLiU-ExtB

    /PoorRichard-Regular

    /PoplarStd

    /PrestigeEliteStd-Bd

    /Pristina-Regular

    /Raavi

    /RageItalic

    /RageItalicLetPlain

    /Ravie

    /Rockwell

    /Rockwell-Bold

    /Rockwell-BoldItalic

    /Rockwell-Condensed

    /Rockwell-CondensedBold

    /Rockwell-ExtraBold

    /Rockwell-Italic

    /Rod

    /RosewoodStd-Regular

    /SakkalMajalla

    /SakkalMajallaBold

    /ScriptMTBold

    /SegoePrint

    /SegoePrint-Bold

    /SegoeScript

    /SegoeScript-Bold

    /SegoeUI

    /SegoeUI-Bold

    /SegoeUI-BoldItalic

    /SegoeUI-Italic

    /SegoeUI-Light

    /SegoeUI-SemiBold

    /SegoeUISymbol

    /ShonarBangla

    /ShonarBangla-Bold

    /ShowcardGothic-Reg

    /Shruti

    /Shruti-Bold

    /SimHei

    /SimplifiedArabic

    /SimplifiedArabic-Bold

    /SimplifiedArabicFixed

    /SimSun

    /SimSun-ExtB

    /SmudgerAltsLetPlain

    /SmudgerLetPlain

    /SnapITC-Regular

    /Square721BT-Roman

    /Staccato222BT-Regular

    /Stencil

    /StencilStd

    /STIXGeneral-Regular

    /Sylfaen

    /SymbolMT

    /SymbolTiger

    /SymbolTigerExpert

    /Tahoma

    /Tahoma-Bold

    /TektonPro-Bold

    /TektonPro-BoldCond

    /TektonPro-BoldExt

    /TektonPro-BoldObl

    /TempusSansITC

    /Tiger

    /TigerExpert

    /TimesNewRomanPS-BoldItalicMT

    /TimesNewRomanPS-BoldMT

    /TimesNewRomanPS-ItalicMT

    /TimesNewRomanPSMT

    /TraditionalArabic

    /TraditionalArabic-Bold

    /TrajanPro-Bold

    /TrajanPro-Regular

    /Trebuchet-BoldItalic

    /TrebuchetMS

    /TrebuchetMS-Bold

    /TrebuchetMS-Italic

    /Tunga

    /Tunga-Bold

    /TwCenMT-Bold

    /TwCenMT-BoldItalic

    /TwCenMT-Condensed

    /TwCenMT-CondensedBold

    /TwCenMT-CondensedExtraBold

    /TwCenMT-Italic

    /TwCenMT-Regular

    /UniversityRomanAltsLetPlain

    /Utsaah

    /Utsaah-Bold

    /Utsaah-BoldItalic

    /Utsaah-Italic

    /Vani

    /Vani-Bold

    /Verdana

    /Verdana-Bold

    /Verdana-BoldItalic

    /Verdana-Italic

    /Vijaya

    /Vijaya-Bold

    /VinerHandITC

    /Vivaldii

    /VladimirScript

    /Vrinda

    /Vrinda-Bold

    /Webdings

    /Wingdings2

    /Wingdings3

    /Wingdings-Regular

    /ZWAdobeF

  ]

  /NeverEmbed [ true

    /Helvetica

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 600

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.00000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 600

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.00000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.00000

  /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



  /CreateJDFFile false

  /Description <<





    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>







    /HUN <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>





    /SKY <>



    /SUO <>

    /SVE <>

    /TUR <>



    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice





