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Abstract

Purpose: To develop an infrared optical method of reducing surface-based registration error caused by respiration to improve
radiotherapy setup accuracy for patients with abdominal or pelvic tumors. Materials and Methods: Fifteen patients with
abdominal or pelvic tumors who received radiation therapy were prospectively included in our study. All patients were immobilized
with vacuum cushion and underwent cone-beam computed tomography to validate positioning error before treatment. For each
patient, after his or her setup based on markers fixed on immobilization device, initial positioning errors in patient left-right, anterior-
posterior, and superior-inferior directions were validated by cone-beam computed tomography. Then, our method calculated
mismatch between patient and immobilization device based on surface registration by interpolating between expiratory- and
inspiratory-phase surface to find the specific phase to best match the surface in planning computed tomography scans. After adjusting
the position of treatment couch by the shift proposed by our method, a second cone-beam computed tomography was performed
to determine the final positioning error. A comparison between initial and final setup error will be made to validate the effectiveness
of our method. Results: Final positioning error confirmed by cone-beam computed tomography is 1.59 (1.82), .61 (1.84), and
[.31 (1.38) mm, reducing initial setup error by 24.52%, 51.04%, and 53.63% in patient left-right, anterior-posterior, and superior-
inferior directions, respectively. Wilcoxon test showed that our method significantly reduced the 3-dimensional distance of
positioning error (P <.001). Conclusion: Our method can significantly improve the setup precision for patients with abdominal
or pelvic tumors in a noninvasive way by reducing the surface-based registration error caused by respiration.
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Figure 1. Illustration of initial setup by aligning optical space and planning CT scans by registration based on 4 infrared markers fixed on

vacuum cushion. CT indicates computed tomography.

mismatch between patient surface and immobilization sys-
tem (MBSI) is found to cause obvious interfraction setup
error.'”

On-board imaging devices such as cone-beam computed
tomography (CBCT) and electronic portal imaging device
(EPID) have been introduced as image-guided radiation
therapy (IGRT) to improve radiotherapy setup precision.'!”

X-ray images of patient internal anatomy are registered to
the planning computed tomography (CT) scans to determine
current positioning error. These methods can detect internal
anatomy changes and help correct positioning error. But
dose delivered during the imaging can’t be ignored. To
avoid extra radiation exposure, radiotherapy positioning sys-
tems based on optical surface registration are also devel-
oped. Sentinel (C-RAD AB, Uppsala, Sweden)'* and
Catalyst (C-RAD AB, Uppsala, Sweden)'® take advantage
of structured light to reconstruct patient surface in real time
for setup error detection. AlignRT (VisionRT Ltd, London,
UK)'® captures a static or respiration-gated 3-dimensional
(3-D) surface and registers the acquired surface and the
previously recorded reference one for positioning correc-
tion. However, for abdominal and pelvic tumors, surface
shape changes obviously with respiration, adversely affect-
ing surface registration accuracy.

In this study, a noninvasive and radiation-free method based
on optical localization and surface point cloud registration is
proposed to reduce MBSI in radiotherapy positioning. By cap-
turing and interpolating the inhale and exhale surfaces, it
selects the specific respiratory phase that best matches the
planning CT scanning one, thus effectively reduces registration
error caused by surface mismatch.

Materials and Methods

Initial setup is based on a rigid transformation matrix M
which is calculated by aligning the 4 infrared (IR) passive
markers fixed on vacuum cushions and corresponding ones
shown in the planning CT scans (Figure 1). My is repre-
sented as

Ry
0

- )

1
where Ry is a 3 x 3 matrix determined by angles rotated around
X, y, and z axes, and Ty is a 3-D vector indicating the transla-
tions in x, y, and z directions. Here x refers to patient left-right
direction, y anterior-posterior, and z superior-inferior, when he
or she lies on the back with head toward gantry.

Vacuum cushion is shifted according to My to reach the
same relative position with linear accelerator (LINAC)
isocenter as in the planning CT scans. Determination of
M, has been introduced in previous work of Zhang et al.'”
In brief, patient undergoes planning CT scan with IR mar-
kers fixed on vacuum cushion. The IR markers can also be
tracked by an optical localization device named Polaris
(Northern Digital Inc, Waterloo, Canada) that is installed
in the treatment room. Thus, optical space is related to the
CT scanning data through fixed IR marker registration.
Effectiveness of initial setup based on IR markers fixed
on immobilization device is also proved in Zhang’s previ-
ous work."”

The MBSI will cause error between tumor center and
LINAC isocenter after initial setup.'® As a result, another trans-
formation matrix M, should be applied to further adjust the
position of vacuum cushion. M; is represented as

s 1)

where R; is a 3 x 3 rotation matrix and T, is a 3-D vector,
indicating the 6 dimension of freedom (DoF) mismatch
between the patient surface and vacuum cushion. By translat-
ing vacuum cushion (with patient immobilized inside) by T,
and rotating it by R, setup error caused by MBSI will be
reduced to ensure an accurate alignment of patient tumor center
and LINAC isocenter.

Considering respiration, real-time surface will present contin-
uous deformation. Registration precision will be adversely
affected if 2 surfaces are not of the same shape. Therefore, we

R;
0

T,
1
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Figure 2. Respiratory surface interpolation. Nth percentile surface consists of points interpolated at n% of the perpendicular (gray dotted line)
from inspiratory surface to the expiratory surface. 50th percentile and 80th percentile interpolation surface are shown as example.

select the respiratory phase that best matches the surface in plan-
ning CT scans by interpolating between exhale and inhale surface.

First, we acquire the exhale surface by asking the patient to
exhale and hold on for around 2 seconds. A series of IR markers
march through patient surface, and their trajectories will be
tracked by Polaris and transmitted to our system. Then, a point
set representing exhale surface S, is acquired. The inhale sur-
face Sj, is acquired in the same workflow except that the patient
is told to inhale.

Sin = {Pinfili = O,

Sex = {Pex—i|i =0...

Sx—_percentile cONSists of points that are interpolated at certain
percentile on the segment determined by P, ; and its perpen-
dicular foot on S, as shown in Figure 2.

Sxfpercentile = {Pxfpercentile|i = 07 o >n}

x = {10, 20, 30, 40, 50, 60, 70, 80, 90}

One-norm distance transformation is used to select the
Sthe—percentile that best matches the St by aligning the 2 sur-
faces as much as possible and evaluating the mean distance
between them as follows:

M X Sj—percentile +A=S8cr,j€EX

A={(Ax Ay Az)i = 0,...,n}

where M, _; is applied to align Sj_percentite and Scr to the best,
and A is the 3-D displacement from Pj_percentile—i 10 ScT-
Sthe—percentile 18 the Sj_percentite With minimum A, and its accord-
ing M, _; is chosen as M, that describes the mismatch between
patient surface and vacuum cushion.

So the final positioning error is calculated as the following
equation.

Epositioning =M x Oiso — Owmor

M:MIXM():(R]XRO Rleox—i—TRl)

0 1

where Oy, is the LINAC isocenter registered by the IR optical
localization system and Oy, is the tumor center determined
in the planning CT scans.

In all 15 patients (6 males and 9 females; age range from 49
to 63; median age, 58 years old) diagnosed as abdominal or
pelvic tumors and received radiotherapy were prospectively
included in our study to evaluate the accuracy of the position-
ing method mentioned above.

All patients were immobilized with vacuum cushion and
were free breathing during simulation and treatment. Elekta
kilovoltage (kV) CBCT XVI system integrated in Synergy
LINAC (Elekta AB, Stockholm, Sweden) was used for posi-
tioning validation. Because the 3-D couchtop used in our study
could correct for translations only, no rotation accuracy was
evaluated. But our approach is able to provide MBSI correction
in 6 DoFs.

Treatment couch was first shifted based on markers fixed on
the cushion. To determine initial positioning error E, patient
underwent CBCT that was performed by a physicist with expe-
rience in radiotherapy setup of 6 years. For abdominal tumors,
registration between CBCT and planning CT was done by
focusing on the soft-tissue gray values within planning target
volume. And for pelvic tumors, it was mainly based on pelvis,
and soft-tissue gray values would also be considered. Then,
treatment couch was further shifted according to the guidance
given by our method. The CBCT was performed again by the
same physicist to determine the final positioning error E,. For
each patient, positioning errors confirmed by CBCT from 4
fractions were recorded. Thus, in total, setup errors from 60
fractions were analyzed in our study.

Wilcoxon test was performed using the Statistical Package
for the Social Science (SPSS, version 22.0 for Microsoft
Windows x64,) to compare initial and final positioning errors.

Results

Initial positioning error (presented as mean [standard devia-
tion]) indicated by CBCT was 2.11 (2.43), 3.29 (3.70), and
2.83 (3.26) mm in patient left-right, anterior-posterior, and
superior-inferior directions, respectively. After applying our
method to further shift the treatment couch, positioning error
was reduced to 1.59 (1.82), 1.61 (1.84), and 1.31 (1.38) mm,
respectively. Mean positioning error was reduced by 24.52%,
51.04%, and 53.65%. Figure 3 showed the x, y, and z as well as
3-D distance of the initial and final positioning errors in
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Figure 3. Boxplot of initial (blue boxes) and final (red boxes) posi-
tioning errors in x, y, and z directions and 3-dimensional distance
validated by cone-beam computed tomography (CBCT).

boxplot. The 3-D positioning errors of 59 out of 60 fractions were
reduced as for distance. There was a positioning error distance
increased from initial 3.15 to 3.23 mm in one fraction. It was
mainly due to a failure in x direction, which might be induced
by optical block. Wilcoxon test indicated that our method signif-
icantly reduced 3-D distance of positioning error after initial setup
based on markers fixed on vacuum cushion (P < .001).

Discussion

Optical surface imaging systems have been investigated to
supplement well-established IGRT methods (such as CBCT
or EPID), given their special regard to real-time motion as well
as being fast, noninvasive, and radiation free. An earlier study
performed by Walter e al'> on Catalyst indicated positioning
errors (expressed in mean [standard deviation] in x, y, z with
units of mm) of (0.3 [2.2], 2.1 [5.5], 2.6 [1.8]) for patients with
abdominal tumors and (—0.9 [1.5], 1.6 [2.2], —1.7 [2.8]) for
pelvic targets. Another previous study conducted by Stieler
et al" on Sentinel showed positioning errors of (—2.6 [4.1],
—5.1[7.4], 4.6 [7.3]) for patients with pelvic tumors. And our
approach exhibited positioning errors of (1.6 [1.8], 1.6 [1.8],
1.3 [1.4]). Wiencierz et al'® conducted a study on two com-
mercial optical surface imaging systems (Catalyst and
AlignRT) to validate their positioning accuracy for patients
with tumors in various sites including pelvis. Results showed
that for patients with pelvic cancers, 50th, 75th, and 90th per-
centile positioning errors (using an external CT scan as refer-
ence image, expressed in x, y, z with units of mm) were (3.5,
3.9, 2.6), (5.9, 5.7, 3.7), and (7.3, 8.6, 6.5), respectively, for
AlignRT, and (3.8, 4.5, 3.4), (5.8, 8.8, 5.8), and (6.6, 12.4, 7.2),
respectively, for Catalyst. In our study, positioning errors were
(1.8, 1.7, 1.2), (2.2, 2.2, 1.8), and (2.8, 2.7, 2.6) for 50th, 75th,
and 90th percentile, respectively. Comparison indicated that
the method proposed in our study had a competitive accuracy
in positioning for patients with abdominal or pelvic tumors,
especially in y and z directions.

Such preferable performance of our approach may result
from the following facts. For Sentinel and Catalyst, insufficient
concern is given to respiratory movement. And for AlignRT,
respiration phase is identified by specific point on the surface.
In comparison, our method selects surface of specific phase by
measuring the similarity of whole 3-D surface and the refer-
enced one, which will help reduce the adverse influence caused
by respiration-induced surface deformation during registration.

Besides, previous work of Zhang et al'® demonstrated the
importance of MBSI reduction and proposed a noninvasive
method to guide patient setup by integrating CT information and
optical surface landmarks to minimize MBSI. However, they
didn’t consider that abdominal or pelvic surface suffered obvious
deformation from respiration. And precision of tumor localization
based on surface registration would be adversely affected by
mismatch between real-time and CT scanning surface.

In our study, we hypothesized that the patient surface pre-
sented a continuous deformation based on respiratory phase.
Thus, we could reconstruct patient surface under any respira-
tory phase by interpolating between exhale and inhale surfaces,
maximizing the accuracy to select the specific surface that best
matched the CT scanning one. Result indicated that our method
significantly reduced the initial setup error.

Patients with tumors are likely to lose weight during treat-
ment, causing abdominal and pelvic surface to become lower in
y direction than thorax when they lie on the treatment couch. As
a result, surface deformation caused by respiration will lead to
registration error that mainly consists of displacement in y and z
directions as shown in Figure 4. Zhang’s previous study'®
showed an average final setup error of 1.30, 2.60, and 1.68
mm in x, y, and z directions, respectively. In comparison, our
method exhibited a preferable accuracy in y and z directions,
further indicating its effectiveness in reducing registration error
caused by respiratory surface deformation. Such analysis is in
agreement with previous studies'*'> on optical surface posi-
tioning. They identified larger setup errors in longitudinal and
vertical directions. The results were believed to be induced by
respiratory movement. A slightly more errors in x direction
might result from the absent body side surface, which is hard
to capture because of optical block.

There is still improvement for our method. The setup cor-
rection including surface capture and registration will be done,
generally, within 1 minute. It might take longer in consider-
ation of the patient condition. For example, older patients or
patients with pain may hard to cooperate and will take longer
time with surface capture. Thus, a noncontact method to cap-
ture patient surface, such as surface reconstruction based on
structured light, is appreciated. It will help the approach with a
faster surface acquisition and be applied during treatment.
Besides, all points of the surface possess the same weight dur-
ing registration in our method. A nonuniform weight distribu-
tion along the surface, such as higher weights for hard surface
around pelvis or rib and lower weights for easy-to-deform
soft-tissue surface, may be helpful to further decrease registra-
tion error resulted from surface deformation, which requires
future exploration.
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Figure 4. Surface deformation caused by respiration leads to registration error. A, A sagittal illustration of human body from lower thorax to the
abdomen. B An axial illustration of human abdomen. Abdominal and pelvic surface is likely to be lower in y direction than thorax when patient
lies on treatment couch as result of emaciation. The real-time surface (blue solid line) indicates a higher respiratory phase, but the same patient
position (relative to isocenter) as the computed tomography (CT) scanning surface (black solid line) does, mainly causing shift (red arrow) in y
and z directions when aligning the 2 surfaces (blue dotted and black solid line).

Conclusion

In our study, we proposed a noninvasive method of minimizing
MBSI to improve the tumor localization accuracy. Validation
conducted by CBCT showed the ability of our method to
improve the setup accuracy to a high level. A preferable posi-
tioning precision compared with the result of Zhang’s previous
work indicated the surface registration error caused by respira-
tion can be effectively reduced with our method.

Declaration of Conflicting Interests
The author(s) declared the following potential conflicts of interest

with respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: It is a
Research Ethics Board (REB)-approved study. This work was sup-
ported by Social Development Program of Primary Research & Devel-
opment Plan in Jiangsu Province (BE2016733, BE2017679).

ORCID ID

Yun Ge, PhD @ https://orcid.org/0000-0001-5788-4204

References

1. Kavanagh BD, Miften M, Rabinovitch RA. Advances in treatment
techniques: stereotactic body radiation therapy and the spread of
hypofractionation. Cancer J. 2011;17(3):177-181.

2. Baumann M, Krause M, Overgaard J, et al. Radiation oncology in
the era of precision medicine. Nat Rev Cancer. 2016;16(4):234-249.

3. Chen MF, Tseng CJ, Tseng CC, Kuo YC, Yu CY, Chen WC.
Clinical outcome in posthysterectomy cervical cancer patients
treated with concurrent cisplatin and intensity-modulated pelvic
radiotherapy: comparison with conventional radiotherapy. Int J
Radiat Oncol Biol Phys. 2007;67(5):1438-1444.

4. Fenoglietto P, Laliberte B, Allaw A, et al. Persistently better
treatment planning results of intensity-modulated (IMRT) over
conformal radiotherapy (3D-CRT) in prostate cancer patients
with significant variation of clinical target volume and/or
organs-at-risk. Radiother Oncol. 2008;88(1):77-87.

5. Hadziahmetovic M, Loo BW, Timmerman RD, et al. Stereotactic
body radiation therapy (stereotactic ablative radiotherapy) for
stage I non-small cell lung cancer-updates of radiobiology, tech-
niques, and clinical outcomes. Discov Med. 2010;9(48):411-417.

6. Perrucci E, Montesi G, Marcantonini M, et al. EP-1527: pelvic
intensity-modulated radiotherapy in prone and supine position in
gynaecological cancer. Radiother Oncol. 2017;123:S820-S821.

7. Fuss M, Salter BJ, Cheek D, Sadeghi A, Hevezi JM, Herman TS.
Repositioning accuracy of a commercially available thermoplas-
tic mask system. Radiother Oncol. 2004;71(3):339-345.

8. Navarro-Martin A, Cacicedo J, Leaman O, et al. Comparative
analysis of thermoplastic masks versus vacuum cushions in
stereotactic body radiotherapy. Radiat Oncol. 2015;10(1):176.

9. White P, Yee CK, Shan LC, Chung LW, Man NH, Cheung YS. A
comparison of two systems of patient immobilization for prostate
radiotherapy. Radiat Oncol (London, England). 2014;9:29.

10. ZhangJ, ChenY, Chen'Y, et al. A noninvasive body setup method for
radiotherapy by using a multimodal image fusion technique. Technol
Cancer Res Treatm. 2017: doi:10.1177/1533034617740302.

11. Jaffray D, Kupelian P, Djemil T, Macklis RM. Review of image-guided
radiation therapy. Expert Rev Anticancer Ther. 2007;7(1):89-103.

12. Chen GT, Sharp GC, Mori S. A review of image-guided radio-
therapy. Radiol Phys Technol. 2009;2(1):1-12.

13. Boda-Heggemann J, Lohr F, Wenz F, Flentje M, Guckenberger
M. kV cone-beam CT-based IGRT. Strahlenther Und Onkol.
2011;187(5):284-291.

14. Stieler F, Wenz F, Scherrer D, Bernhardt M, Lohr F. Clinical evalua-
tion of a commercial surface-imaging system for patient positioning in
radiotherapy. Strahlenther Und Onkol. 2012;188(12):1080-1084.

15. Walter F, Freislederer P, Belka C, Heinz C, Sohn M, Roeder F.
Evaluation of daily patient positioning for radiotherapy with a
commercial 3D surface-imaging system (Catalyst™). Radiat
Oncol. 2016;11(1):154.

16. Wiencierz M, Kruppa K, Liidemann L. Clinical validation of two
surface imaging systems for patient positioning in percutaneous
radiotherapy. Med Phys. 2016. https://arxiv.org/abs/1602.03749.

17. Zhang J, Ge Y, Chen X, Chen Y. Positioning errors of the con-
ventional method in nasopharyngeal carcinoma radiotherapy: a
clinical study of an optical patient position guidance system.
J Med Imaging Health Informat. 2015;5(3):622-629.


https://orcid.org/0000-0001-5788-4204
https://orcid.org/0000-0001-5788-4204
https://orcid.org/0000-0001-5788-4204
https://arxiv.org/abs/1602.03749


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /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 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


