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Abstract

Objectives Semiquantitative evaluation of tracer uptake

in basal ganglia is superior to visual assessment of images

in dopamine transporter (DAT) scintigraphy especially in

follow-up of the patients. Manual drawing of regions of

interest (ROIs) in two-dimensional (2D) transaxial slices of

the single photon emission computed tomography (SPECT)

datasets leads to a large inter- and intra-reader variability,

while being time consuming. Our aim was to investigate a

technique that extracts 3D ROIs in a fully automated

fashion and thus might provide reproducible user-

independent results allowing better follow-up control and

large-scale clinical studies.

Methods The highest activity of 123IFP-CIT is expected

in the basal ganglia. The proposed method (Spectalyzer)

uses the following steps to localize this maximum and

extract the ROIs in 3D: (1) Dithers the SPECT volume to

obtain a 3D volume with binary only. (2) Models the

obtained point distributions as two multivariate Gaussian

distributions and estimated their parameters using the

expectation maximization algorithm. (3) Using the original

SPECT activity values, thresholding is performed using a

fixed percentage of maximum activity as a parameter to

obtain the 3D ROIs. (4) A reference volume in the occipital

region is automatically found based on the location of the

two ROIs. (5) From the 3D ROIs, statistical information

like mean and median activity and the volume is extracted,

relative to the activity in the reference region. The resulting

values are compared with values from manual 2D ROIs.

Further validation is performed by means of an anthropo-

morphic striatal phantom.

Results The method was evaluated on 12 SPECT vol-

umes including anthropomorphic striatal phantoms. In all

cases the two basal-ganglia were successfully localized and

the 3D ROIs estimated, with perfect reproducibility. The

obtained values for the mean activity showed the same

trend with the values obtained manually and also with the

results of the 2D semiautomatic software, but without the

substantial inter- and intra-reader variations.

Conclusions The proposed method is successful in finding

the 3D ROIs and performing the subsequent measurements

automatically. It is proposed as an automatic reproducible

approach for semiquantitative analysis of DAT scintigraphy.
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Introduction

Structural and functional neuroimaging has a dramatic

impact on differential diagnosis in patients with movement

disorders [1] and has reportedly a significant value to cost

effectiveness in patient management [2]. Functional

imaging of the dopamine transporter (DAT) with 123-I-

labelled radioligands defines integrity of the dopaminergic

system and has its main clinical application in patients with

mild, incomplete, or uncertain parkinsonism and in the

differential diagnosis of movement disorders. Imaging with

single photon emission computed tomography (SPECT)

ligands for DAT (FP-CIT, b-CIT, IPT, TRODAT) provides

a marker for presynaptic neuronal degeneration. The main

pathophysiological feature in Parkinson’s syndromes is a

severe degeneration of dopaminergic neurons in the sub-

stantia nigra, resulting in a loss of DATs in the striatum.

Reduction of striatal radiotracer uptake correlates with

disease severity, in particular bradykinesia and rigidity.

Monitoring of disease progression assists in clinical trials

of potential neuroprotective drugs and is of great impor-

tance in the differential diagnosis of movement disorders.

Due to the degeneration of dopaminergic cells, resulting in

a loss of DAT, DAT imaging may be found abnormal in

idiopathic Parkinson’s disease (PD), multiple system atro-

phy (MSA), progressive supranuclear palsy (PSP), corti-

cobasal degeneration (CBD) and dementia with Lewy

bodies (DLB) but does not allow differentiation between

these disorders. A normal scan suggests rather other

pathologies such as essential tremor (ET), vascular par-

kinsonism, drug-induced parkinsonism, or psychogenic

parkinsonism. Therefore, DAT imaging is clinically

important in the differential diagnosis between degenera-

tive Parkinson’s syndromes (PD, MSA, PSP, CBD, DLB)

showing loss of DAT and non-degenerative Parkinson’s

syndromes (e.g. vascular or medication induced Parkin-

son’s syndromes) as well as ET that show normal DAT

density. Furthermore, DAT imaging is used for the early

diagnosis of Parkinson’s syndromes as dopamine loss is

seen even in the earliest clinical presentations of the dis-

ease [3, 4]. It was reported that DAT imaging can even be

used as a predictor for the diagnosis of preclinical cases

of parkinsonism by visualizing nigrostriatal degeneration

preclinically [5]. Additional applications are the charac-

terizing of dementia with parkinsonian features showing

abnormal results in DLB and normal DAT density in

Alzheimer’s disease [6, 7]. The presence of DATs can

be exploited to image the nigrostriatal neuron viability/

density. In patients with parkinsonian syndrome (PS) the

reduction of DAT binding occurs in the putamen and

caudate nucleus.

Usually with SPECT, the binding of radiotracers in

certain brain areas is assessed by manual positioning of

regions of interest (ROIs). The quantification of radiotracer

binding in the striatum is determined by the ratio of specific

binding of the tracer in the striatum and non-specific

binding in another brain area. However, several methods

are used for measurement of striatal tracer uptake, e.g. to

set oval ROIs on somewhere in bilateral striatal regions

with optional size, or to make irregularly shaped ROIs by

means of fusion imaging with either magnetic resonance

imaging (MRI) or computed tomography (CT). On the

other hand, ROIs, which represent the uptake of the non-

specific region, are sometimes selected in the occipital

lobe, frontal lobe or cerebellum. To apply oval ROIs is a

simple and easy procedure, but it can be arbitrary, espe-

cially when the uptake is faint. Furthermore, such manual

positioning of ROIs for the quantification of radiotracer

uptake is time consuming and is limited by a large inves-

tigator-dependent intra- and inter-individual variability. To

perform fusion imaging and trace the striatal region on the

images might be more correct and objective, but other

imaging data such as CT or MRI are needed. We therefore

evaluated a new fully automatic 3D semiquantitative pro-

cedure to more easily and objectively estimate the uptake

of striatal regions of 123IFP-CIT (DaTSCAN) in patients

with suspicion of Parkinson’s syndrome and ET and

evaluate the method by comparing it to manually defined

2D ROIs as well as phantom studies. This software tool can

be used for fully automated and standardized processing,

evaluation and finally documentation of DaTSCAN SPECT

scans.

Materials and methods

The proposed software (Spectalyzer, developed by Rene

Donner) uses the following steps to localize these maxima

and extracts the ROIs in 3D:

1. Two activity maxima are assumed to be present in the

brain volume and the expectation maximization (EM)

algorithm is run to fit two Gaussian distributions to the

activity volume. After localizing the two activity

maxima in a neighbourhood of the centre of the found

Gaussian distributions, one ROI per hemisphere is

extracted by thresholding at a fixed percentage of the

activity maximum. For this ROI the mean and median

activities are computed.

2. The distance from centre of the basal ganglia to the

posterior border of the brain was divided by three, and

in the third posterior part a large circular background

was placed; median count of this region is assumed as

the activity of the background.

3. From the 3D ROIs statistical information like mean

and median activity and the volume is extracted,
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relative to the activity in the reference region. The

resulting values are compared with values from

manual 2D ROIs and also further semiautomatic 2D

measurement with commercially available software

(BRASS, Hermes). Further validation was performed

by means of an anthropomorphic striatal phantom. The

input data are already reconstructed transaxial slices of

the striatal SPECT study.

The software is written in Matlab R2009b (The Math-

works, Inc., Natick, MA, USA) using its functions of

Image Processing Toolbox Version 6.4 and can be easily

run in an ordinary computer with Windows software.

The underlying assumption of our approach is that the

basal ganglia represent the maximal tracer uptake in the

DaTSCAN, which is also the implicit assumption that

medical experts make when interpreting DaTSCAN.

Additionally, the overall activity distribution on the whole

brain is expected to be approximated by a mixture of two

multi-variate Gaussian distributions, whose means have to

lie within the capture range of the two local basal ganglia

maxima. The capture range of a local maximum is defined

by the set of points in space which will lead to the local

maximum when used as starting points of a gradient ascent

search on the activity level. As our results show these

assumptions are fulfilled by all the investigated test data

sets from different centres.

Finally, the data analysis involves the fully automatic

localization of the basal ganglia and a reference region in

the occipital region, yielding a relative activity measure for

each basal ganglion. The occipital region was chosen as

reference region because it is least affected by neurode-

generative PSs due to its very low dopamine receptor

density compared with that of the striatum.

To perform the localization step, the mean values of the

two Gaussian distributions need to be estimated. This can

be performed by EM that yields the means and covariance

matrices with maximum likelihood of explaining the data.

For each of the estimated means, the local maximum cor-

responding to the basal ganglion in question is found by

performing a gradient ascent search on the activity (Fig. 1).

To obtain a more flexible measurement than the single

values as by other methods, border definition for ROIs

were set to 90, 80 and 70% of maximum activity. The

median is computed for each of these regions, resulting in

median values of the basal ganglia with different thresholds

of 70–90% of the maximum activity, respectively (Fig. 2).

The median value of the reference region provides the

reference value against which the calculated values of the

basal ganglia were compared (Fig. 1).

The approach was evaluated on 12 data sets obtained

from multiple centres including three anthropomorphic

striatal phantom measurements. The acquisition parameters

were defined to be the same in all centres. A dual-head

gamma camera (GE, Hawk Eye, Haifa, Israel/Siemens,

e.cam, USA) was used with fan beam collimator and

acquisition was done in every 3� in a 360 arc. Time per

view was 30 s and images were stored in a 128 9 128,

word mode matrix. Images were reconstructed by iterative

reconstruction (8 iterations, 2 subsets). Chang’s method

(l = 0.11 cm-1) was used for attenuation correction. The

data set of each of the nine patients and of the three

anthropomorphic striatal phantoms (one normal and two

abnormal) were manually analysed twice by the same

investigator. Furthermore, these data sets were automati-

cally assessed by the present proposed 3D method

(Spectalyzer) and also by commercially available software

(BRASS, Version 3.5, Hermes, Sweden).

Fig. 1 3D localization of basal ganglia and reference region. Axes
represent number of pixels. Blue right basal ganglion, green left basal

ganglion, red reference region

Fig. 2 Basal ganglia to occipital ratio for left and right side. Each

circle represents the ratio in a respective threshold
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A number is assigned to each patient and the name of

the patient is cleared from the data for protection of pri-

vacy. All patients were informed and gave their written

consent for the study.

Results

We studied nine patients as well as three phantoms

(1 normal and two abnormal phantoms). Three methods of

manual ROI, BRASS and Spectalyzer were applied for

calculation of striatum to occipital activity ratio. In each

method, radiotracer activity in striatum as well as in

occipital region was measured and the ratio of striatum to

occipital region (St/Oc) was recorded. For manual method

two sets of drawing was used and the mean activity was

recorded. One of the patients was excluded due to the fact

that BRASS software was unable to define the striatum. In

another patient, Spectalyzer was unsuccessful in defining

the occipital area. Ten images were analysed.

Descriptive analysis showed that the mean St/Oc ratio

was 3.4(±0.56) in the right and 3.5(± 0.5) in the left for

manual method. Using BRASS software the mean ratio

was 2.8(±0.46) and 2.9(±0.51) for the right and left stri-

atum, respectively. Using ‘‘Spectalyzer’’ the ratio was

calculated with three thresholds of 70, 80 and 90% of

maximum activity for border definition. The mean ratio

was 3.3(±0.42), 3.6(±0.47) and 3.9(±0.5) for the 70,

80 and 90%, respectively, in the right striatum. For the

left striatum, the ratio was 3.3(±0.5), 3.6(±0.47) and

3.8(±0.51), respectively, for 70, 80 and 90%.

Using Kolmogorov–Smirnov test, normal distribution of

the data in the studied group was confirmed (P [ 0.4) in all

sets. The relationship between St/Oc ratio between differ-

ent methods was investigated using Pearson product–

moment correlation coefficient. Preliminary analysis was

performed to ensure no violation of the assumptions of

normality, linearity and homoscedasticity. There was a

strong positive correlation between the St/Oc ratio in

‘‘manual method’’ compared with ‘‘Spectalyzer’’ with all

thresholds (r [ 0.72, n = 10, P \ 0.02). Also correlation

between ‘‘Spectalyzer’’ and BRASS software was strong

and significant (r [ 0.89, n = 10, P \ 0.001).

One-way repeated measures ANOVA was conducted

to compare mean ratios in manual, BRASS and ‘‘Spect-

alyzer’’ (80% threshold) methods. The measures and

standard deviations are presented in Table 1. The ratio

was significantly different between different techniques

[Wilks’ k = 0.0.04, F[2, 7] = 92.54, P \ 0.001, partial

g2 = 0.96].

As expected increasing the thresholds of border defini-

tion from 70 to 90% of maximum activity in ‘‘Spectalyzer’’

results in increasing of St/Oc ratios (Fig. 2).

Further analysis showed that the mean St/Oc ratio was

significantly lower in BRASS method compared with

manual or Spectalyzer (P \ 0.02), but there was no sig-

nificant difference between manual and Spectalyzer. This is

due to the different calculation methods used; BRASS

subtracts the values of background activity from basal

ganglia and then divides by the background, whereas the

manual method and Spectalyzer divide the mean/median

activity in the basal ganglia to the background (Fig. 3).

Mean running time for Spectalyzer using a usual laptop

computer (Siemens, Fujitsu, 2 GHz) was 42 s.

Discussion

DaTSCAN is a commonly used investigation method in the

differential diagnosis of movement disorders as well as in

clinical trials. In this manuscript, a new fully automated

tool for the processing, evaluation and documentation of

DaTSCAN is presented.

In SPECT the radiotracer binding in certain regions of

the brain is usually assessed by manual positioning of

ROIs. Usually, for quantification a ratio analysis of specific

Table 1 Descriptive statistics for striatum to occipital activity ratio

using manual, ‘‘Spectalyzer’’ and BRASS methods of measurements

Mean SD N

Manual 3.36 0.59 10

Spectalyzer 3.58 0.50 10

BRASS 2.77 0.42 10

SD standard deviation

Fig. 3 Scatter plot of striatum to occipital ratio in Manual vs BRASS

(triangles, solid trend line), Spectalyzer vs BRASS (open circles,

dashed trend line) and Manual vs Spectalyzer (solid circles, trend
line: dashed and points) methods
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radiotracer binding in a certain brain region to a non-spe-

cific binding area is performed. The disadvantages of this

method are twofold: it is investigator-dependent and time

consuming. Therefore, a fully automated technique for

semiquantitative evaluation of the DaTSCAN results will

be very useful.

It is known that quantification is mandatory to assess

striatal DAT binding [8]. On the other hand, the different

calculation methods and also different reconstruction pro-

cess algorithms affect the quantification output. These

effects include scatter, partial volume effect and attenua-

tion. Different approaches, such as with Monte Carlo

simulation, have been applied to overcome these issues [9,

10].

In our approach, the software uses already reconstructed

transaxial data. Therefore, the different reconstruction

algorithms by various manufacturers should be kept in

mind in order to compare the results of studies obtained

from different centres.

Moreover, our method is user-independent, because the

ROIs are found fully automatically in a 3D manner. There

is therefore no intra- or interobserver variability and fur-

thermore our method is time-saving. This program can

easily run on a PC computer and it takes less than a minute

for each analysis.

Additionally, the curves with different maximum

expectation enable the clinician to be quickly aware of

possible artefacts which would yield to a truncation of the

curve shape. A limitation of the study is that the algorithm

actually encloses the whole striatal area and does not

delineate caudate from putamen. From previous studies it is

known that reductions in tracer uptake are not homoge-

neous within the striatum. Particularly in LBD and PD, a

significant decreased tracer uptake in posterior putamen

and caudate but a normal tracer uptake in the anterior

putamen [11] was found.

Fusion imaging, performing additional CT or MR

imaging, is helpful to more accurately define the striatal

region when manually positioning the ROIs. Nevertheless

this method is elaborate and expansive. With our proposed

fully automated approach, 3D ROIs are positioned fully

automatically without the need to perform additional pro-

cessing, leading to a high cost-effectiveness and significant

time saving.

The SPECT studies used in the evaluation of the pro-

posed software tool were obtained from different centres

using different cameras. Nevertheless, the proposed tech-

nique was successful in exactly finding the required 3D

ROIs and performing subsequent activity measurements

showing that the software tool can be used by different

centres without any special preparations. Experiences from

different participating centres share the feasibility and user-

independent reproducible semiquantitative results in the

analysis of DAT studies. Activity maxima in DaTSCAN of

the basal ganglia are found automatically by the pro-

gramme without additional required MRI or CT and the

result can easily be read on a curve.

The usual manual positioning of ROIs in 2D SPECT

slices for the quantification of dopamine uptake is time-

consuming and limited by inter- and intra-individual vari-

ability of the investigator. Spectalyzer programme is easy

to apply and shows a very high reproducibility with no

need to adopt the received data or to perform further

manual analysis. Furthermore, the programme can be

directly applied with routinely received SPECT datasets.

No training for users is required and also no additional

MRI or CT data are needed as a template. The Spectalyzer

method is successful in finding 3D ROIs and in performing

subsequent activity measurement automatically. The

activity distribution can be easily read on a curve which is

processed automatically leading to a quick understanding

of the results by the clinician. Moreover, the method is

user-independent and was successfully compared with

manually obtained values in the same subjects as well as to

an anthropomorphic striatal phantom showing reproducible

results.

Limitations of the study: Spectalyzer has a limitation of

inability to differentiate between the head of caudate and

putamen. Another limitation of our study was absence of

final clinical diagnosis in patients. Further study in a large

group of patients and correlation with final clinical diag-

nosis will better clarify the accuracy of Spectalyzer.

Conclusion

We introduced Spectalyzer which is an automatic, highly

reproducible and observer-independent software for 3D

region of interest determination in DAT scan. We suggest

this new technique as an alternative approach for semi-

quantitative analysis of DAT scintigraphy. With respect to

reproducibility and observer independency, it may play an

important role either in comparing serial images of a

patient or in clinical trials.

References

1. Booij J, Speelman JD, Horstink MW, Wolters EC. The clinical

benefit of imaging striatal dopamine transporters with [123I]FP-

CIT SPECT in differentiating patients with presynaptic parkin-

sonism from those with other forms of parkinsonisms. Eur J Nucl

Med. 2001;28:266–72.

2. Van Laere K, Everaert L, Lieven A, Gonce M, Vandenberghe W,

Vander Borght T. The cost effectiveness of 123I-FP-CIT SPECT

imaging in patients with an uncertain clinical diagnosis of par-

kinsonism. Eur J Nucl Med. 2008;35:1367–76.

Ann Nucl Med (2010) 24:295–300 299

123



3. Booij J, Tissingh G, Winogrodzka A, vam Royen EA. Imaging of

the dopaminergic neurotransmission system using single-photon

emission tomography and positron emission tomography in

patients with parkinsonism [review]. Eur J Nucl Med. 1999;

26:171–82.

4. Marshall V, Grosset D. Role of dopamine transporter imaging in

routine clinical practice [review]. Mov Disord. 2003;18:1415–23.

5. Wolters EC, Francot C, Bergmans P, Winogrozka A, Booij J,

Berendse HW, et al. Preclinical (premotor) Parkinson’s disease.

J Neurol. 2000;247(Suppl 2):II103–9.

6. Walker Z, Costa DC, Walker RW, Shaw K, Gacinovic S, Stevens

T, et al. Differentiation of dementia with Lewy bodies from

Alzheimer’s disease using a dopaminergic presynaptic ligand.

J Neurol Neurosurg Psychiatry. 2002;73:134–40.

7. McKeith I, O’Brian J, Walker Z, Tatsch K, Booij J, Darcourt J,

et al. Sensitivity and specificity of dopamine transporter imaging

with 123-I-FP-CIT SPECT in dementia with Lewy bodies:

a phase III, multicentre study. Lancet Neurol. 2007;6:305–13.

8. Tatsch K, Asenbaum S, Bartenstein P, Catafau A, Halldin C,

Pillowsky LS, et al. European Association of Nuclear Medicine

procedure guidelines for brain neurotransmission SPET using

123I-labelled dopamine transporter ligands. Eur J Nucl Med.

2002;BP29:30–5.

9. Cot A, Falcón C, Crespo C, Sempau J, Pareto D, Bullich S, et al.

Absolute quantification in dopaminergic neurotransmission

SPECT using a Monte Carlo-based scatter correction and fully

3-dimensional reconstruction. J Nucl Med. 2005;46:1497–504.

10. Beekman FJ, de Jong HWAM, Geloven S. Efficient fully 3-D

iterative SPECT reconstruction with Monte Carlo-based scatter

compensation. IEEE Trans Med Imaging. 2002;21:867–77.

11. Colloby SJ, Williams ED, Burn DJ, Lloyd JJ, McKeith IG,

O’Brien JT. Progression of dopaminergic degeneration in

dementia with Lewy bodies and Parkinson’s disease with and

without dementia assessed using 123I-FP-CIT SPECT. Eur J

Nucl Med Mol Imaging. 2005;32:1176–85.

300 Ann Nucl Med (2010) 24:295–300

123


	Fully automated 3D basal ganglia activity measurement in dopamine transporter scintigraphy (Spectalyzer)
	Abstract
	Objectives
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


