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Background and Objectives: The aim of this study was to assess mechanical valve function using 64-slice multi-
detector computed tomography (MDCT). Subjects and Methods: In 20 patients (mean age, 50 & 12 years; male-
to-female ratio, 10 : 10), 30 St. Jude bileaflet mechanical valves (15 aortic and 15 mitral valves) were evaluated
using MDCT. We selected images vertical and parallel to the mechanical valve. The valve orifice area (OA) and
valve length were determined by manual tracing and the opening and closing angles were measured using a pro-
tractor. The OA and length of the mechanical valves were compared with the manufacturer’s values. Results: The
geometric orifice areas (GOAs) based on the manufacturer’s values and the OAs determined by MDCT were 3.4
+0.2 cm? and 3.4+0.3 cm’ for the mitral valves and 2.1 0.3 cm? and 2.1+ 0.4 cm? for the aortic valves, res-
pectively. The correlation coefficients between the OA measures were 0.433 for the mitral valves and 0.874 for
the aortic valves (both p<0.001). The lengths based on the manufacturer’s values and determined by MDCT were
29.311.99 mm and 29.6* 1.65 mm for the mitral valves and 21.5%+ 2.1 mm and 20.7 *2.3 mm for the aortic
valves, respectively. The correlation coefficients between the measures were 0.651 for the mitral valve and 0.846
for the aortic valve (both p<0.001). The opening and closing angles determined by MDCT were 10.9£0.6° and
131.1£3.2° for the mitral valves and 11.1£0.9° and 120.6 = 1.7° for the aortic valves, respectively. Conclusion:
MDCT is an accurate modality with which to assess the function and morphology of bileaflet mechanical valves.

(Korean Circ J 2009;39:157-162)
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Introduction

Traditionally, after mechanical valve replacement,
transthoracic Doppler echocardiography (TTE) has been
considered the diagnostic standard method for assess-
ing and establishing mechanical valve (MV) function.”
However, an assessment of MV function by TTE has lim-
itations, such as excessive metallic artifacts and a poor
echo window in obese patients. Further, TTE is of limi-
ted value for patients with chronic obstructive pulmonary
disease and for the evaluation of a MV in the aortic po-
sition.” Even though transesophageal Doppler echo-
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cardiography (TEE) can provide better image quality,”
TEE is a semi-invasive method and can show metallic
artifacts. It is difficult to obtain a perpendicular image
of the MV with a fluoroscopic examination® and an
accurate measurement of the opening angle is difficult
to obtain."® Recently, the use of 64-slice multidetector
computed tomography (MDCT) has been shown to be
valuable for the measurement of coronary artery ste-
noses,g'm determination of coronary calcium scores,m
measurement of left ventricular ejection fractions,"
follow-up of percutaneous coronary intervention,"'
and follow-up of coronary artery bypass grafts.”*® The
aim of this study was to assess MV function using 64-
slice MDCT.

Subjects and Methods

Subjects
This prospective study was performed on 20 patients
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between 1 March and 31 August 2006 at St. Mary’s
Hospital of The Catholic University of Korea in Seoul,
Korea. The patients received 30 St. Jude medical (SJM)
valves (bileaflet mechanical valves: 15 aortic and 15 mitral

valves; St. Jude Medical, Inc., Minneapolis, MN, USA).

Patients were enrolled in the study if they met all of
the following inclusion criteria: 1) a previous mitral
valve replacement performed at St. Mary’s Hospital;
2) normal sinus rhythm {mean heart rate, 69 beats per
minute (bpm); range, 50-97 bpm} as measured by an
electrocardiogram; 3) a poor echo window, as seen on
TTE; 4) refusal to undergo TEE, and 5) if in a clini-
cally stable condition, the patient was able to hold his/
her breath for 15 seconds. The Institutional Review
Committee of our hospital approved this study. The
subjects were informed of the investigative nature of the
study and written consent was obtained before entry.

Multidetector computed tomography protocol and
image reconstruction

Computed tomographic studies were performed on
a 64-slice MDCT (Lightspeed VCT; GE Healthcare,
Milwaukee, WI, USA). The heart rate during CT ac-
quisition ranged from 50-97 bpm (mean, 69 bpm). The
patients did not receive additional premedications, such
as f-blockers, for control of their heart rate.

The MDCT protocol was as follows: slice collimation
(64 < 0.625 mm), gantry rotation time (350 ms), table
feed (6 mm/s), tube voltage (120 kVp), and tube current
(600 mAs). Eighty mL of contrast agent (Iopromide, Ul-
travist 300; Schering, Berlin, Germany) was injected
intravenously at 5 mL/s for 16 seconds. Fifty mL of sa-
line solution chaser at 5 mL/s for 10 seconds was also
injected. All examinations were performed using retro-

-
w& length ==

Closing angle

spective electrocardiography (ECG)-gating. Image data
was reconstructed using the cardiac image reconstruc-
tion algorithm provided with the scanner. Images were
reconstructed at consecutive 10% increments of the
relative risk (R-R) interval, yielding 10 phases of infor-
mation. All post-processing was performed on a GE
AW Workstation (Advantage Windows Workstation 4.3),
using the Card IQ function software (GE Healthcare).
Image data was reconstructed in the vertical and par-
allel images of the MV. The opening and closing phases
of the MV were selected visually for image analysis.
Window settings were adjusted to properly visualize the
valve with less beam-hardening artifact.

Image analysis

The images were analyzed using an Image-Pro Plus
Image analyzer (Media Cybernetics, Bethesda, MD, USA)
and the values determined for the geometric orifice area
(GOA) and valve length by 64-slice MDCT were compa-
red with the manufacturer’s values. The open and closing
angles were measured with a protractor. The manufac-
turer’s values were approximately 10° for the open angle
and 120-130° for the closing angle (Fig. 1). Figs. 2 and 3
give examples of the morphologic and functional assess-
ment by MDCT after undergoing valve replacement.

Statistical analysis

Data are expressed as the mean and standard devia-
tion (SD), and statistical analysis was done using Statis-
tical Package for Social Science (SPSS) 13.0 (SPSS Inc.,
Chicago, IL, USA). Linear regression analysis and the
limits of agreement according to Bland and Altman
were determined to compare geometric parameters of
the bileaflet mitral MV between the manufacturer’s va-

Opening angle

Fig. 1. The GOAs, lengths, and opening/closing angles of SJM valves determined by 64-slice MDCT. The images are analyzed using an
Image-Pro Plus Image module (Media Cybernetics) and were compared with the manufacturer’s values for the GOAs, lengths (A),
opening angles (B), and closing angles (C) of the SJM valves as determined by 64-slice MDCT. GOAs and lengths were measured on
the vertical image of the mechanical valve. The opening and closing angles were measured on parallel images of the mechanical valve.
GOA: geometric orifice area, SJM: St. Jude Medical, MDCT: multidetector computed tomography.
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Fig. 2. A 39-year-old woman who presented for assessment of function after undergoing SJM mitral valve replacement (valve size, 29 mm)
for infective endocarditis. In the mitral valve, the GOA determined by MDCT was 3.35 cm” and the manufacturer's value was 3.5 cm”. The
valve length determined by MDCT was 28.6 mm and the manufacturer’s value was 29 mm. The opening angle determined by MDCT was
11.2° and the manufacturer’s value was 10°, and the closing angle determined by MDCT was 132.1° and the manufacturer’s value was
130°. A! a vertical reformatted image of the valve shows the SUM mitral valve (#29) with symmetric opening of mechanical components.
The valve is intact, based on measurement of the GOA and the length. B: a parallel reformatted image of valve shows the SJM mitral valve
(#29). The valve is intact based on measurement of the opening and closing (not shown) angles. SJM: St. Jude Medical, GOA: geometric
orifice area, MDCT: multidetector computed tomography.

//

A B

Fig. 3. A 54-year-old woman who presented for assessment of function after undergoing SJM aortic valve replacement (valve size, 19 mm)
for severe aortic stenosis. In the aortic valve, the GOA determined by MDCT was 1.68 cm? and the manufacturer’s value was 1.7 cm?. The
valve length determined by MDCT was 18.6 mm and the manufacturer’s value was 19 mm. The opening angle determined by 64-slice
MDCT was 11.7° and the manufacturer’s value was 10°, and the closing angle determined by MDCT was 119.6° and the manufacturer’s
value was 120°. A: a vertical reformatted image of valve shows the SIM aortic valve (#29) with symmetric opening of the mechanical
components. The valve is intact based on measurement of the GOA and the length. B: a parallel reformatted image of valve shows the SUIM
aortic valve (#29) with symmetric opening of the mechanical components. The valve is intact based on measurement of the opening (not
shown) and closing angles. SIM: St. Jude Medical, GOA: geometric orifice area, MDCT: multidetector computed tomography.

lues and the MDCT measurements. Student’s t-test was
used to compare the manufacturer’s values with those de-
termined by MDCT. P<0.05 was considered statistically

significant.
Results

The mean age of the patients (10 females and 10 males)
in the study was 50 12 years. Ten patients received re-
placement of mitral or aortic bileaflet MVs. Five patients
received double MV replacements. The mean follow-

up duration after undergoing bileaflet MV replacement
was 99 £ 74 months.

The mean size of the bileaflet aortic MVs was 21.5+
2.1 mm (range, 19-25 mm) and the bileaflet mitral MVs
was 29.3+2.0 mm (range, 25-33 mm). The manufac-
turer’s values and the MDCT-determined GOAs were
3.4+0.3 cm’? and 3.47+0.2cm’ for the mitral valves
and 2.1 0.4 cm® and 2.1 £0.3cm? for the aortic va-
lves, respectively. The correlation coefficients for the
GOAs based on the manufacturer’s values compared

with those determined by MDCT were 0.433 for the
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Fig. 4. The correlation coefficients and Bland-Altman analysis for the GOA based on the manufacturer’s value and determined by 64-slice
MDCT. A: the correlation coefficients for the GOA based on the manufacturer’s value compared with those determined by MDCT were
0.433 for the mitral valve and 0.874 for the aortic valve (p<0.001). B: the Bland-Altman analysis of bias revealed that there were no sig-
nificant bias between the GOA based on the manufacturer’s value and MDCT for the mitral valve (observed bias, 1.121; 95% confidence
interval, 0.823-1.1418). C: the Bland-Altman analysis of bias revealed that there were no significant bias between the GOA based on the
manufacturer’s value and MDCT for the aortic valve (observed bias, 0.938; 95% confidence interval, 0.642-1.223; p<0.001). The solid line is
the mean difference; the dotted lines mark the standard deviations of the differences. Mean GOA=(manufacturer’s value+MDCT)/2. GOA:
geometric orifice area, MDCT: multidetector computed tomography.
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Fig. 5. The correlation coefficients and Bland-Altman analysis for the valve length based on the manufacturer’s value and determined by 64-
slice MDCT. A: the correlation coefficients for the valve lengths based on the manufacturer’s values compared with those determined by
MDCT were 1.145 for the mitral valve and 0.790 for the aortic valve (p<0.001). B: the Bland-Altman analysis of bias revealed that there
was no significant bias between the GOA based on the manufacturer’s value and MDCT for the mitral valve (observed bias, 1.121; 95%
confidence interval, 0.823-1.1418). C: the Bland-Altman analysis of bias revealed that there was no significant bias between the GOA
based on the manufacturer’s value and MDCT for the aortic valve (observed bias, 0.938; 95% confidence interval, 0.642-1.223; p< 0.001).
The solid line is the mean difference; the dotted lines mark the standard deviations of the differences. Mean length GOA=(manufacturer’s
value+MDCT)/2. GOA: geometric orifice area, MDCT: multidetector computed tomography.

mitral valves and 0.874 for the aortic valves (p<0.001) mm for the aortic valves, respectively. The correlation
(Fig. 4A). coefficients between the valve lengths based on the ma-
The Bland-Altman analysis of bias revealed that there nufacturer’s values compared with the MDCT measure-
was no significant bias between the GOAs based on the ments were 0.651 for the mitral valves and 0.846 for the
manufacturer’s values and the MDCT measurements aortic valves (p<0.001) (Fig. 5A).
for the mitral valves (observed bias, 1.121; 95% confi- The Bland-Altman analysis of bias revealed that there
dence interval, 0.823-1.1418) (Fig. 4B) and for the aortic was no significant bias between the lengths based on the
position valves (observed bias, 0.938; 95% confidence manufacturer’s values and the MDCT measurements for
interval, 0.642-1.223; p<0.001) (Fig. 4C). the mitral valves (observed bias, 0.791; 95% confidence

The manufacturer’s values and the MDCT-determined interval, 0.639-0.934) (Fig. 5B) and for the aortic valves
valve lengths were 29.3+1.99 mm and 28.6 %+ 1.65 mm (observed bias, 1008; 95% confidence interval, 0.702-
for the mitral valves and 21.5£2.1 mm and 20.7£2.3 1.313; p<0.001) (Fig. 5C). The opening and closing angles



determined by MDCT were 10.9+0.6° and 131.1 £
3.2° for the mitral valves and 11.1£0.9° and 120.6 £
1.7° for the aortic valves, respectively.

Discussion

The use of MDCT has facilitated the non-invasive
detection of coronary artery calcifications,"” visualiza-
tion of the lumens and walls of the coronary arteries,
and the ability to obtain information on the presence
and severity of coronary artery disease (CAD).”"? Over
the last several years, a dramatic improvement in MDCT
technology has allowed for an assessment of valve mor-
phology and calcification in patients with mitral and
aortic stenoses.’"*?

MDCT has led to advances in the assessment of car-
diovascular anatomy and function and has created new
clinical applications in cardiovascular imaging.”” These
applications include follow-up of percutaneous coro-
nary intervention,'® follow-up of coronary artery by-
pass grafts,*? assessment of the anatomy of the pul-
monary vein of patients with atrial fibrillation,”**® and
determination of the coronary sinus of patients plan-
ning cardiac resynchronization therapy. Some studies
have reported that the MDCT is a sensitive and objec-
tive method for accessing the morphology and calcifica-
tion of native aortic and mitral valves.?"*?

TTE is recommended in a step-by-step approach in
the evaluation of patients with suspected prosthetic valve
dysfunction. If a high gradient is detected, additional
tests may be needed, including TEE and a fluoroscopic
examination. However, TTE has some limitations (i.e.,
excessive metallic artifacts), and TEE and fluoroscopic
examination do not always provide for a definitive diag-
nosis.

For both the GOAs and valve lengths, the values de-
termined by 64-slice MDCT were as accurate as the
manufacturer’s values based on correlation coefficients,
not only for the mitral valves (GOA, 0.433; length, 0.651;
p<0.001), but also for the aortic valves (GOA, 0.874;
length, 0.846; p<0.001). Therefore, we consider 64-slice
MDCT to be an accurate modality for the morpholog-
ic and functional assessment of bileaflet MVs.

It is well-known that 64-slice MDCT requires expo-
sure to a higher radiation dose {approximately 10 milli-
Sieverts (mSv)} than the mean effective dose of diag-
nostic coronary artery angiography (usually between 3.0
and 6.0 mSv). To evaluate and generalize the function
and morphology of bileaflet MVs using MDCT, patient
selection should made with care.

Limitations

The first limitation of this study was it was only per-
formed on patients who received SJM valves, a kind of
bileaflet MV and the majority of patients had normal
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left ventricular function. Our study did not include pa-
tients with Ball-in-cage type valves (e.g., the Starr-Ed-
wards prostheses) or other bileaflet mechanical pros-
theses (e.g., the Carbomedics prostheses and biopros-
theses).

Secondly, it may be questioned whether an assess-
ment of the GOA or length by 64-slice MDCT is su-
perior for hemodynamic conditions, such as significant
regurgitation. Although panni, thrombi, and vegeta-
tions were not detected in this study, the opening and
closing angles determined by 64-slice MDCT may also
provide better information for a severe mismatching
valve. This will require future study.

Conclusions

MDCT is a powerful and promising modality by
which to assess the function and morphology of bileaf-
let MVs. If appropriate patient selection has been un-
dertaken, such as for patients with a normal sinus rhy-
thm, a poor echo window on TTE, refusal to undergo
TEE, and patients in a clinically stable condition, the
optimal use of this technology could prove essential
for comprehensive evaluation of valve function.

Acknowledgments
This study was supported by a grant of the Seoul R & BD Pro-
gram of the Republic of Korea (#10526).

REFERENCES

1) Quinones MA, Otto CM, Stoddard M, Waggoner A, Zoghbi WA.
Recommendations for quantification of Doppler echocardiogra-
phy: a report from the Doppler Quantification Task Force of the
Nomenclature and Standards Committee of the American Society
of Echocardiography. J Am Soc Echocardiogr 2002;15:167-84.

2) Chambers J, Deverall P. Limitations and pitfalls in the assessment
of prosthetic valves with Doppler ultrasonography. J Thorac Car-
diovasc Surg 1992;104:495-501.

3) Muratori M, Montorsi P, Teruzzi G, et al. Feasibility and diagnos-
tic accuracy of quantitative assessment of mechanical prostheses
leaflet motion by transthoracic and transesophageal echocardio-
graphy in suspected prosthetic valve dysfunction. Am J Cardiol
2006,97:94-100.

4) Montorsi P, De Bernardi F, Muratori M, Cavoretto D, Pepi M.
Role of cine-fluoroscopy, transthoracic, and transesophageal echo-
cardiography in patients with suspected prosthetic heart valve
thrombosis. Am J Cardiol 2000,85:58-64.

5) Koo SH, Kim SH, Oh SI, et al. Echocardiographic characteris-
tics of normally functioning CarboMedics and St. Jude medical
mitral valve. Korean Circ J 1995:25:469-76.

6) Koo SH, Sung JD, Park SS, et al. Clinical utility of transesopha-
geal echocardiography (TEE) in prosthetic valve dysfunction.
Korean Circ J 1993;23:928-38.

7) Kim YN, Song YS, Kim KS, Kim KB, Huh SH, Choi SY.
Evaluation of functional regurgitation flow in patients with cli-
nically normal mitral prosthesis by transesophageal echocardio-
graphy. Korean Circ J 1993,;23:67-74.

8) Joo SJ, Hyon MS, Doh MH, et al. Changes of Doppler echocar-
diographic findings after mitral valve operation. Korean Circ J
1987,17:649-60.



162 MDCT Evaluation of Mechanical Valve Function

9) Achenbach S, Ulzheimer S, Baum U, et al. Noninvasive coronary
angiography by retrospectively ECG-gated multislice spiral CT.
Circulation 2000;102:2823-8.

10) Nieman K, Oudkerk M, Rensing BJ, et al. Coronary angiography
with multi-slice computed tomography. Lancet 2001,357:599-603.

11) Achenbach S, Giesler T, Ropers D, et al. Detection of coronary
artery stenoses by contrast-enhanced, retrospectively electrocar-
diographically-gated, multislice spiral computed tomography.
Circulation 2001;103:2535-8.

12) Mollet NR, Cademartiri F, van Mieghem CA, et al. High-resolu-
tion spiral computed tomography coronary angiography in pa-
tients referred for diagnostic conventional coronary angiography.
Circulation 2005:112:2318-23.

13) Becker CR, Kleffel T, Crispin A, et al. Coronary artery calcium
measurement: agreement of multirow detector and electron beam
CT. AJR Am J Roentgenol 2001,176:1295-8.

14) Schuijf JD, Bax JJ, Salm LP, et al. Noninvasive coronary ima-
ging and assessment of left ventricular function using 16-slice
computed tomography. Am J Cardiol 2005,95:571-4.

15) Groen JM, Greuter MJ, van Ooijen PM, Oudkerk M. 4 new ap-
proach to the assessment of lumen visibility of coronary artery
stent at various heart rates using 64-slice MDCT. Eur Radiol
2007:17:1879-84.

16) Rixe J, Achenbach S, Ropers D, et al. Assessment of coronary
artery stent restenosis by 64-slice multi-detector computed tomo-
graphy. Eur Heart J 2006,27:2567-72.

17) Muhlenbruch G, Mahnken AH, Das M, et al. Evaluation of aor-
tocoronary bypass stents with cardiac MDCT compared with
conventional catheter angiography. AJR Am J Roentgenol 2007;
188:361-9.

18) Jones CM, Athanasiou T, Dunne N, et al. Multi-detector comput-
ed tomography in coronary artery bypass graft assessment. a
meta-analysis. Ann Thorac Surg 2007;83:341-6.

19) Ropers D, Pohle FK, Kuettner A, et al. Diagnostic accuracy of
noninvasive coronary angiography in patients after bypass sur-
gery using 64-slice spiral computed tomography with 330-ms

gantry rotation. Circulation 2006, 114:2334-41.

20) Salm LP, Bax JJ, Jukema JW, et al. Comprehensive assessment of
patients after coronary artery bypass grafting by 16-detector-row
computed tomography. Am Heart J 2005;150:775-81.

21) Hoffmann U, Ferencik M, Cury RC, Pena AJ. Coronary CT angio-
graphy. J Nucl Med 2006:47:797-806.

22) Dawson P. Multi-slice CT contrast enhancement regimens. Clin
Radiol 2004:59:1051-60.

23) Willmann JK, Kobza R, Roos JE, et al. ECG-gated multi-detector
row CT for assessment of mitral valve disease: initial experience.
Eur Radiol 2002;12:2662-9.

24) Willmann JK, Weishaupt D, Lachat M, et al. Electrocardiogra-
phically gated multi-detector row CT for assessment of valveular
morphology and calcification in aortic stenosis. Radiology 2002;
225:120-8.

25) Budoff MJ, Cohen MC, Garcia MJ, et al. ACCF/AHA clinical com-
petence statement on cardiac imaging with computed tomography
and magnetic resonance. Circulation 2005;112;598-617.

26) Chiang SJ, Tsao HM, Wu MH, et al. Anatomic characteristics of
the left atrial isthmus in patients with atrial fibrillation: lessons
firom computed tomographic images. J Cardiovasc Electrophy-
siol 2006,17:1274-8.

27) Cury RC, Abbara S, Schmidt S, et al. Relationship of the esopha-
gus and aorta to the left atrium and pulmonary veins: implications
for catheter ablation of atrial fibrillation. Heart Rhythm 2005,2:
1317-23.

28) Schwartzman D, Lacomis J, Wigginton WG. Characterization of
left atrium and distal pulmonary vein morphology using multidi-
mensional computed tomography. J Am Coll Cardiol 2003,41:
1349-57.

29) Hunold P, Vogt FM, Schmermund A, et al. Radiation exposure
during cardiac CT: effective doses at multi-detector row CT and
electron-beam CT. Radiology 2003;226:145-52.

30) Morin RL, Gerber TC, McCollough CH. Radiation dose in com-
puted tomography of the heart. Circulation 2003, 107:917-22.




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

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


