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Objective: Delineate normal data in a Thai population for global left ventricular function, left ventricular mass (LVM), and
LV mass index (LVMI) by gated volumetric CT angiography (CTA).

Material and Method: Two hundred twenty seven patients with intermediate risk factors for CAD were referred for CT
coronary angiography. The non-hypertensive and non-diabetic asymptomatic group was selected with negative coronary
CTA. Pre-condition of mild stenosis or less than 50% area stenosis was consistently met for inclusion in the present study.
One hundred fifteen patients were included (31 males, 84 females, age range 38-76 years, mean 54.6 + 7.2 for males and
54.0 + 6.8 for females respectively).

Results: Mean EDV, ESV, SV, CO, and EF in male and females were EDV 122.6 + 17.3vs. 94.9 + 16.6 ml, ESV 48.2 + 9.9 vs.
34.1+9.1ml, SV74.5+14.2vs.60.8 + 10.6 ml, CO4.2+0.8vs. 3.6 + 0.7 Land EF 60.6 + 6.6 vs. 64.3 + 5.6% respectively.
The mean LVM and LVMI were higher in males than females (LVM 134.6 + 21.4 vs. 96.9 + 20.3 g, and LVMI 76.8 + 12.4
vs. 61.1 + 11.56 g/m?). Altman and Bland plot for each of them showed that the mean and standard deviation of the differences
was constant throughout the range of measurements. Each histogram of differences showed that these differences correspond
to approximately normal distribution, indicating that the required assumptions held for the use of 95% limits of agreement are
valid.

Conclusion: Data from this group represents healthy volunteers and this may serve as an important source of information

representing normal reference values to be used for Thai patients.
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Left ventricular (LV) function is an
independent predictor of morbidity and mortality
in patients with coronary artery disease (CAD)!.
Patients with both coronary artery disease and
depressed LV function are at high risk for sudden
death. LV hypertrophy (LVH) is also associated with
a significant increase in cardiovascular mortality and
morbidity independent of the presence of coronary
artery disease or arterial hypertension®. Prevailing
noninvasive imaging modalities include echo-
cardiography, radionuclide ventriculography, gated
perfusion single-photon emission CT, and multislice
CT are being used to evaluate left ventricular function
(LVF). Volume mediated CT scan using 320-slice CT
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technology has been recently released for general use.
One heart beat scan time is very short and will better
enhance the contour of intraventricular cavities. The
measurement of the LV function and mass should be
ideally depicted when only single volume data is used.
The error from interpolation data between slices from
spiral mode cardiac such as respiratory registration
artifacts causing overlapping or missing of interslice
data information can be eliminated with this one volume
scan obtained from this technology. The present study
outlines non-clinical data of normal LV function and
mass acquired from single volume, single heart beat
data information.

Material and Method

Between August and October 2009, a cohort
of 227 consecutive asymptomatic patients with
intermediate risk factors for CAD (NYHA I) referred
to undergo coronary CT angiogram (CCTA) using
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320-slice volume cardiac CT (Aquilion one Toshiba,
Japan) at Ramathibodi Hospital, Mahidol University.
The results were retrospectively reviewed for
normative data LV parameters. Prior institutional
review board approval and the informed consent
were dutifully obtained. Exclusion criteria included
hypertension (Blood pressure > 140/90 mmHg),
receiving antihypertensive therapy, history of angina
pectoris, diabetes mellitus with peripheral vascular
disease, iodinated contrast hypersensitivity, and
creatinine blood level > 1.5 mg/dl. Of these patients,
a group of 115 patients who had non-significant
coronary artery stenosis were included.

All patients who had initial heart rate more
than 70 BPM were administered 50-100 mg metoprolol
one hour prior to scanning.

CCTA was performed using the 320-slice CT
scanner. Patients were examined with retrospective
ECG-triggered, ECG modulated tube current dose
reduction methodology scanning a range between
30% and 80% of the cardiac cycle. The tube voltage
varied with patient size (120-135kVP, 380-500 mA). The
rotation time was 0.35 second at 0.5 mm. collimation.

An 18 gauge intravenous catheter was placed
in the right antecubital vein. An enhanced scan was
obtained following injection of 70-90 ml non-ionic
contrast (Ultravist®, 370 mg%) given at 5 ml/second
followed by 20 ml of saline at 5 ml/second. Automated
bolus tracking was used. A scan was performed only
after a pre- condition of 170 HU density was reached in
the descending aorta. After this threshold was met at
170 HU, the scan started after a four seconds delay.

Ten phases of the cardiac cycle were
reconstructed at 10% intervals from 0% R-R interval
to 90% R-R interval and sent to an independent
workstation (Vitrea FX version 1.1, Vital Images, Inc.,
Minnesota, USA) for LV function analysis and LV mass
calculation. Optimal phase, being the best phase,
usually locates at 75% level was reconstructed to give
a better picture. Interpretation for coronary artery
stenosis included analysis of axial source images,
3 mm maximum intensity projection (MIP) in axial, right
anterior oblique (RAO), left anterior oblique (LAO),
post processed 3-D reconstruction and multiplanar
reformats, and curve reformats for each coronary
arteries.

LV function and LV mass analysis

The analysis and calculation of LV function
and LV mass were done by two independent observers
to obtain a measure of inter-observer variability.
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Observer 1 and 2 were senior technologists with
more than five years of experience in cardiac MDCT.
Two observers delineated the outer and inner contours
of the LV independently and in a random order of
patients. Furthermore, the data was also reanalyzed
and recalculated by one of the observers several
weeks after the first analysis of the images. The intra-
observer study was repeated separately, 1 month apart.
In this way, a measure of intra-observer variability was
also clearly delineated. The papillary muscle was not
included in the LV myocardial mass (Fig. 1).

The observers were asked to analyze the
software in a similar manner starting with automatic
phase selection of systolic and diastolic phases
followed by manually phase correction. The systolic
and diastolic volume was automatically calculated by
delineation of endocardial border of the left ventricle
inside the inner layer of the left ventricular muscle. The
myocardial mass was calculated from volume of the
area between inner and outer contours of the left
ventricle (Fig. 2). The four-layout screen was an
automatic setup allowing the operator to set apical and
basal myocardial limits. Correction along axis

Fig. 1  This demonstrates diastolic phase of the vertical
long axis, horizontal four chamber and short axis
(a, b and d), the outlined endocardial border in d
represents end-diastolic volume. The papillary
muscle was not included. Automatic contour
detection is excellent due to isophasic contrast and
no stair step artifact. The systolic and diastolic
phases are chosen to calculate for global left
ventricular function. 3-D image of the heart with
normal left coronary artery is also demonstrated

©
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This demonstrates automatic contour detection
along the epicardial (outer dots line) and endocardial
(inner dots line) borders. The area between these
lines represents volume of left ventricular mass.
No artifact demonstration is shown

Fig. 2

angulations in three directions, vertical two chambers,
four chambers, and short axis views were done in the
same manner (Fig. 1).

Statistical analysis

Descriptive statistics were used to summarize
all data in term of frequency (percentage), mean,
median, range standard deviation (SD) and 95%
confidence interval where appropriate. Regression and
correlation analysis were applied between the
functional parameters and mass correlate with intra-
observer and inter-observer variables.

Table 1. Patient characteristics

Results

Only 115 from 227 patients ( 50.66%) were
included for analysis. There were 31 male and 84 females
in the present study. The patients’ demographic data
are shown in Table 1. The mean + SD calcium score was
6.3+ 11.1 in males and 6.6 + 18.5 in females (Table 1).
The body surface area (BSA) is calculated using
DuBois & DuBois formula®.

The results of the left ventricular parameters
are shown in Table 2. The commercially available LVM
formula is used converting calculating the mass in
grams using the specific gravity of myocardial tissue
(1.05 g/ml). The left ventricular mass index (LVMI)
calculated as the ventricular mass in grams divided by
the body surface area in square meters. Mean EDV,
ESV, SV, CO, and EF in male and female are as follows:
EDV 122.6+17.3vs.94.9+16.6ml, ESV48.2+9.9vs.
34.1+9.1ml,SV74.5+14.2vs.60.8+10.6ml,CO4.2+
0.8 vs.3.6 +0.7L, and EF 60.6 + 6.6 vs. 64.3 + 5.6%,
respectively. The mean LVM (Left ventricular mass)
and LVMI (left ventricular mass index) are higher in
males than females (LVM 134.6 +21.4vs.96.9+20.3 g,
LVMI76.8+12.4vs.61.1 +11.5 g/m?).

Each Altman and Bland plot showed that
the mean and SD of the differences were constant
throughout the range of measurements and each
histogram of differences showed that these differences
have approximately normal distribution, indicating
that the required assumption are valid and in agreement
with use of 95% limits (Fig. 3-6). The Pearson’s

Characteristics Male Female
Number of patients (total = 115), n 31 84

Age, (year) 54.6+7.2 54.0 +6.8
Hyperlipidemia, n (%) 8(25.8) 26 (30.9)
Current cigarette smoking, n (%) 6(19.4) 0(0)

Body mass index, kg/m?* 23.8+2.6 23.9+2.8
Weight, kg 67.0+7.9 589+79
Height, cm 167.9+53 156.8+5.3
Waist, inch 358+2.6 344 +3.7
Body surface area (BSA), m? ** 1.76 £ 0.11 1.58 £ 0.12
Systolic blood pressure (SBP), mmHg 1189+ 154 1223+ 19.1
Diastolic blood pressure (DBP), mmHg 76.8 +10.2 73.8+13.6
Heart rate at CT, bpm 56.3+5.3 59.6 +7.1

Total calcium score (mean + SD) (median, min-max)

6.3+ 11.1 (0, 0-42) 6.6 + 18.5 (0, 0-98)

Values are mean + SD unless indicated otherwise.

* Calculated as the weight in kilograms divided by the square of the height in meters

** Calculated with DuBois & DuBois formula®
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Table 2. Results of the left ventricular parameters

Left ventricular parameters Male Female

Mean + SD 95% CI Mean + SD 95% CI
Ejection fraction (EF), % 60.6 + 6.6 58.1-63.0 643+5.6 63.1-65.5
End diastolic volume (EDV), ml 122.6 +17.3 116.3-128.9 949 +16.6 91.3-98.5
End systolic volume (ESV), ml 482+99 44.5-51.9 341+09.1 32.2-36.1
Stroke volume (SV), ml 745+ 14.2 69.2-79.7 60.8 +10.6 58.5-63.1
Cardiac output (CO), L 42+0.8 3.8-4.5 3.6+0.7 3.5-3.8
Left ventricular mass (LVM), g 134.6 +21.4 126.8-142.5 96.9 +20.3 92.5-101.3
Left ventricular mass index (LVMI), g/m? * 76.8+12.4 72.2-81.3 61.1+11.5 58.6-63.6

* Calculated as the left ventricular mass in grams divided by the body surface area in square meters

correlations analysis showed the functional parameters
and mass correlated closely between intraobserver
and interobserver values.
variability for ejection fraction (EF), end diastolic

The intraobserver

volume (EDV), end systolic volume (ESV), stroke

volume (SV), cardiac output (CO), and myocardial
mass(M) is R =0.92, 0.98, 0.97, 0.96, 0.96, and 0.97
respectively. The interobserver variability of EF, EDV,

ESV,and SV is R=0.69,0.90,0.87, 0.80, 0.80, 0.87, and
0.94 respectively (Table 3).

Discussion

Several noninvasive studies used to

evaluate cardiac function, such as echocardiography,
scintigraphy, and single-photon emission computed
tomography show diagnostic reliability but low spatial
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plot) for measurements of (a) LVEF, (b) EDV,
(c) ESV (image left) and histogram of differences
of the 2 measurements by same observer of the
same measurement (image right) using 320-slice
Cardiac CT

plot) for measurements (a) SV, (b) CO and (c) mass
(image left) and histogram of differences of the
2 measurements by same observer (image right)
of the same measurement using 320-slice Cardiac
CT

J Med Assoc Thai Vol. 94 No. 9 2011
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resolution and poor anatomic details®. The parallel
increase in the number of detectors and acquisition
angle and the change from pencil to fan beam
contribute to improved image quality and spatial
resolution®.

Left ventricular function parameters in cardiac
CT was initially introduced by electron beam CT but
the access to this modality is restricted to inadequate
spatial resolution, contrast, and z-resolution®.

In 1985, Gunthaner et al demonstrated the
ability of CT for volume measurements'”. The
accuracy for determination of ejection using electron
beam computed tomography was also validated
against Tc-99m sestamibi first-pass angiography!':2).

Wiese et al compared multislice CT (MSCT)
using four detectors CT with electron beam CT to
evaluate left ventricular (LV) volumes and function in
an animal model and found that MSCT had a higher
contrast-to noise ratio and delineated the myocardial
contours more sharply than electron beam CT (EBCT).
They concluded that image quality in MSCT is
superior to that of EBCT but the accuracy MSCT is
limited by its lower temporal resolution'?.

J Med Assoc Thai Vol. 94 No. 9 2011
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(images right) of the same measurement using
320-slice Cardiac CT

MSCT has evolved to include a multirow
detector from dual to 64 detectors and current 320
detectors, progressively increasing both the number
of simultaneously acquired images and temporal
resolution. Makhen et al. showed that MSCT has been
acceptable agreement with MR imaging(.

Automated analysis of left ventricular
parameters was significantly quicker than manual
drawing, indicating a potential improvement in
workflow and data analysis. Schlosser et al showed
that improvement of software with automatic contour
detection allows a reliable assessment of left ventricular
ejection fraction and a rough estimation of left
ventricular volumes and mass of a CT angiography
using 16-MDCT scanner®. They concluded that
automatic contour detection is feasible for CT data
sets and results in fast and reliable measurements
without significant differences compared with manual
contour tracing and improvement in workflow and
data analysis. There is still a problem with visual quality
assessment, because the quality assessment for LV
functional analysis focuses more on opacification of
the LV cavity and the presence of stair step artifacts
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Table 3. Intra- and inter-observer variability of the technique
of each cardiac parameter in all subjects (n=115)

Cardiac Statistic parameters Intra- Inter-
parameters observer observer
EF 95% limits of agreement
Lower -4.98 -9.48
Upper 3.44 8.46
Correlation 0.92 0.69
Intercept 11.53 26.33
Slope 0.84 0.60
EDV 95% limit of agreement
Lower -8.10 -18.21
Upper 4.99 17.53
Correlation 0.98 0.90
Intercept 2.28 2191
Slope 1.00 0.80
ESV 95% limit of agreement
Lower -4.52 -10.47
Upper 4.94 11.36
Correlation 0.97 0.87
Intercept 3.21 8.27
Slope 0.93 0.79
SV 95% limit of agreement
Lower -7.94 -16.06
Upper 4.44 14.46
Correlation 0.96 0.80
Intercept 2.90 22.02
Slope 1.00 0.68
CO 95% limit of agreement
Lower -0.52 -0.96
Upper 0.29 0.87
Correlation 0.96 0.80
Intercept 1.13 1.84
Slope 1.00 0.71
LVM 95% limit of agreement
Lower -12.80 -17.18
Upper 9.56 19.43
Correlation 0.97 0.94
Intercept 7.70 11.63
Slope 0.95 0.89

EF = ejection fraction; EDV = end diastolic volume; ESV =
end systolic volume; SV = stroke volume; CO = cardiac
output; LVM = left ventricular mass

caused by ventricular extra-systoles breathing artifacts
or segmentation error'”, These data information are
acquired from multiple rotation acquisition resulting
into interpolated data acquisition and limited for
automatic software contour detection due to non-
isophasic of contrast in the inner LV contour. Van der
Vleuten et al'® assessed the global left ventricular
function by dual-source computed tomography and
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compared it with MRI. He categorized image quality
from dual source CT under four headings. These four
categories were good quality image, minor artifacts,
major artifacts, and poor image quality respectively.
The good image quality and minor artifacts were called
when the image has no artifacts, and minor artifacts
that made LV delineation sufficiently possible. When
there were major artifacts, the LV delineation is not
reliable. Poor image quality was called when there is no
full coverage.

The era of single volume CT data using
320-slice computed tomography (CT) for LV function
evaluation has begun. It has high performance
apparatus to collect data information not only for
coronary arteries but also left ventricular volume and
left ventricular (LV) mass within one heartbeat. One
volume data means that there is no interpolation of the
image data set. In this technique, stair step artifacts,
and no full coverage defects are eliminated. There is
one limitation for dose modulation technique, which
is important in reducing radiation dose, in which it
decreases the image quality during ventricular systole.
This may affect accuracy of the automatic contour
detection. However, the single volume data acquisition
with isophasic contrast alleviates this limitation and
improves post processing reproducibility.

In conclusion, normative data from this
group could represent a healthy volunteer Thai
population. This will prove to be an important data
set for normal reference. This data acquired from an
ideal measurement of single volume image data
acquisition. It should provide an accurate data set for
both functional parameters and LV mass compared to a
previous version of multislice CT.

Acknowledgment
The authors wish to thank Inder Singh Mayall,
MD for his assistance with manuscript review.

Potential conflicts of interest
None.

References

1. White HD, Norris RM, Brown MA, Brandt PW,
Whitlock RM, Wild CJ. Left ventricular end-
systolic volume as the major determinant of
survival after recovery from myocardial infarction.
Circulation 1987;76: 44-51.

2. Juergens KU, Grude M, Fallenberg EM, Opitz C,
Wichter T, Heindel W, et al. Using ECG-gated
multidetector CT to evaluate global left ventricular

J Med Assoc Thai Vol. 94 No. 9 2011



10.

11.

12.

myocardial function in patients with coronary
artery disease. AJR Am J Roentgenol 2002; 179:
1545-50.

Levy D, Garrison RJ, Savage DD, Kannel WB,
Castelli WP. Prognostic implications of echo-
cardiographically determined left ventricular
mass in the Framingham Heart Study. N Engl J
Med 1990; 322: 1561-6.

Ghali JK, Liao Y, Simmons B, Castaner A, Cao G,
Cooper RS. The prognostic role of left ventricular
hypertrophy in patients with or without coronary
artery disease. Ann Intern Med 1992; 117: 831-6.
Schlosser T, Pagonidis K, Herborn CU, Hunold P,
Waltering KU, Lauenstein TC, et al. Assessment
of left ventricular parameters using 16-MDCT and
new software for endocardial and epicardial
border delineation. AJR Am J Roentgenol 2005;
184:765-73.

Budoff MJ, Ahmadi N, Sarraf G, Gao Y, Chow D,
Flores F, et al. Determination of left ventricular mass
on cardiac computed tomographic angiography.
Acad Radiol 2009; 16: 726-32.

Du Bois D, Du Bois EF. A formula to estimate the
approximate surface area if height and weight be
known. 1916. Nutrition 1989; 5: 303-11.

Daghini E, Ritman EL, Lerman LO. Examine thy
heart with all diligence: evaluation of cardiac
function using fast computed tomography.
Hypertension 2007; 49: 249-56.

Woo P, Mao S, Wang S, Detrano RC. Left
ventricular size determined by electron beam
computed tomography predicts significant
coronary artery disease and events. Am J Cardiol
1997;79: 1236-8.

Guthaner DF, Nassi M, Bradley B, Gould EB, Mai
CH, Schmidt KE. Quantitative evaluation of left
ventricular function using computed tomography.
Med Phys 1985; 12: 333-8.

Gerber TC, Behrenbeck T, Allison T, Mullan BP,
Rumberger JA, Gibbons RJ. Comparison of
measurement of left ventricular ejection fraction
by Tc-99m sestamibi first-pass angiography with
electron beam computed tomography in patients
with anterior wall acute myocardial infarction.
AmJ Cardiol 1999; 83: 1022-6.

Baik HK, Budoff MJ, Lane KL, Bakhsheshi H,

J Med Assoc Thai Vol. 94 No. 9 2011

13.

14.

15.

16.

17.

18.

19.

20.

Brundage BH. Accurate measures of left ventricular
ejection fraction using electron beam tomography:
a comparison with radionuclide angiography,
and cine angiography. Int J Card Imaging 2000; 16:
391-8.

Wiese TH, Rogalla P, Taupitz M, Wagner S,
Schnorr J, Mews J, et al. Assessment of left
ventricular volumes and function: intraindividual
comparison of multi-slice spiral CT and electron
beam CT in an animal model. Acta Radiol 2004; 45:
819-27.

Mahnken AH, Spuentrup E, Niethammer M,
Buecker A, Boese J, Wildberger JE, et al.
Quantitative and qualitative assessment of left
ventricular volume with ECG-gated multislice
spiral CT: value of different image reconstruction
algorithms in comparison to MRI. Acta Radiol
2003;44:604-11.

Kroft LJ, de Roos A, Geleijns J. Artifacts in ECG-
synchronized MDCT coronary angiography. AJR
Am J Roentgenol 2007; 189: 581-91.

van der Vleuten PA, de Jonge GJ, Lubbers DD, Tio
RA, Willems TP, Oudkerk M, et al. Evaluation of
global left ventricular function assessment by
dual-source computed tomography compared with
MRI. Eur Radiol 2009; 19: 271-7.

Stollberger C, Hollander I, Dimitrov L, Slany J.
Influence of measurement inaccuracies on
determination of left ventricular mass by M mode
echocardiography. Heart 1996; 75: 312-3.
Bastarrika G, Arraiza M, De Cecco CN, Mastrobuoni
S, Ubilla M, Rabago G. Quantification of left
ventricular function and mass in heart transplant
recipients using dual-source CT and MRI: initial
clinical experience. Eur Radiol 2008; 18: 1784-90.
Yamamuro M, Tadamura E, Kubo S, Toyoda H,
Nishina T, Ohba M, et al. Cardiac functional
analysis with multi-detector row CT and segmental
reconstruction algorithm: comparison with echo-
cardiography, SPECT, and MR imaging. Radiology
2005;234: 381-90.

Okwuosa TM, Hampole CV, Ali J, Williams KA.
Left ventricular mass from gated SPECT myocardial
perfusion imaging: comparison with cardiac
computed tomography. J Nucl Cardiol 2009; 16:
775-83.

1059



minArasmsviiauuazsaanamiarasinlavasanglugileiluduanuaulaings
INVAYAANTLTHADNANARTAIINEIGY 320 A lan

NENIY A9ATEAT, TN ATE19Y, WULAA WIIANA, ATNT LURIBTTNNAY

Ingilszacn; Lﬁ@wvﬂ"rﬂnﬁwmn7ﬁ/f’muw@\vﬁq7@7;@06;72/Elun@';uﬁmﬂ"m@’mn@ﬁmjﬁwmaﬁfmﬁmﬂmﬁm
Walafy uazdinusuinAaingeyaenaisenesiamemiage 320 dlan

TAAUALIBNIS: nsAneuiuseyan1UnAreenisieiugesialanessemaeiengise meuRaAeT
pariSage 320 alanvasyiheiiiensdaunarmeninidulsavaemideaiiy laeviufauiiiey 2 Ak
Yu@”é“mmﬁmn”u Lmzﬁlﬁim 2 au Tsaszmerilumsnmsnn

HANSANEY: NavBIANRAY EDV, ESV, SV, CO uay EF lumAmeuasinAndeiinmuasusane Ui
EDV 122.6 + 17.3 vs. 94.9 + 16.6 ml, ESV 48.2 + 9.9 vs. 34.1 + 9.1 ml, SV 74.5 + 14.2 vs. 60.8 + 10.6 ml,
CO4.2+0.8vs. 3.6+ 0.7 L Uaz EF 60.6 + 6.6 vs. 64.3 + 5.6% NATBIANNRAETIE LVM Uz LVMI hunAze
gana lumANEa (LVM 134.6 + 21.4 vs. 96.9 + 20.3 g, LYMI 76.8 + 12.4 vs. 61.1 + 11.56 g/m)

agal: ﬂ/@mmn@mmmw@’mﬁuumww‘lumimmzbmf biftiiTuarung lussans Ingiiumsaanag

L@ﬂ%t?ﬁlﬂ@ilWQLﬁl’E]ﬁ‘ﬂQ’)JJL?Q@QIZQzu@u’lﬂﬁl

1060 J Med Assoc Thai Vol. 94 No. 9 2011




<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


