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Abstract

The application of computer-aided detection (CAD) is
expected to improve reader sensitivity and to reduce
inter-observer variance in computed tomographic (CT)
colonography. However, current CAD systems display a
large number of false-positive (FP) detections. The
reviewing of a large number of FP CAD detections
increases interpretation time, and it may also reduce the
specificity and/or sensitivity of a computer-assisted
reader. Therefore, it is important to be aware of the
patterns and pitfalls of FP CAD detections. This picto-
rial essay reviews common sources of FP CAD detec-
tions that have been observed in the literature and in our
experiments in computer-assisted CT colonography.
Also the recommended computer-assisted reading tech-
nique is described.
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Abbreviations

CT Computed tomographic

2D Two-dimensional

3D Three-dimensional

CAD Computer-aided detection

FP False-positive

ICV Ileocecal valve

EC Electronic cleansing

Computed tomographic (CT) colonography is a mini-
mally invasive technique for detecting colorectal lesions
by use of virtual two-dimensional (2D) and three-
dimensional (3D) visualizations of abdominal CT scans
[1]. Multi-center trials have demonstrated that CT colo-

nography has a per-patient sensitivity of approximately
90–94% and a specificity of 85–96% in the detection of
large (‡10 mm in diameter) colonoscopy-confirmed
adenomas and cancers, when it is performed with state-
of-the-art methods and experienced readers [2–5]. For
smaller lesions (6–9 and <6 mm in diameter), the re-
ported detection sensitivities have been somewhat lower
and more variable [6].

It is expected that the application of computer-aided
detection (CAD) could be used to overcome the prob-
lems of variable detection sensitivity and high inter-
observer variance in CT colonography [7]. CAD can be
defined as a diagnosis made by a physician who is sup-
ported by the output of a fully automated quantitative
image analysis scheme [8]. In CT colonography, CAD
systems are used to indicate image patterns that are
similar to those of colorectal lesions. To date, several
CAD systems have been reported to be able to detect
retrospectively visible colorectal lesions in CT colonog-
raphy at a high-detection sensitivity, and pilot observer
studies have indicated that CAD indeed has the potential
of increasing the detection sensitivity and reducing the
inter-observer variance of human readers, especially with
inexperienced readers [7].

However, current CAD systems for CT colonography
display a much larger number of false-positive (FP)
detections than do human readers. Unaided experienced
readers report in the order of less than 0.1 FP detections
per patient on average, whereas CAD systems display at
least 2–10 FP detections per patient on average. The
interpretation of FP CAD detections increases interpre-
tation time, and it may also reduce detection specificity
[9]. There is also evidence that, under some unfavorable
circumstances, having to review a large number of FP
CAD detections could be detrimental to the detection
sensitivity of a computer-assisted reader [10, 11]. To date,
CT colonography studies have investigated the effect of
FP CAD detections on reader performance only with
CAD systems that display large numbers of FP detec-
tions [12, 13].
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Understanding the patterns and pitfalls of FP CAD
detections is important for maximizing the potential
benefit in reader sensitivity without detrimental effect on
reader performance. This pictorial essay discusses com-
mon sources of FPs that have been observed in the lit-
erature and in our experiments with computer-assisted
CT colonography. Also the recommended computer-
assisted reading technique is described.

Common sources of FP CAD
detections

The types of FPs that are detected by CAD systems are
similar to those encountered by radiologists. Most of
these detections are easy to differentiate from true lesions
by the application of the usual interpretation guidelines
of unaided CT colonography [14, 15]. Studies have
indicated that only about 10–20% of FP CAD detections
are challenging to dismiss [7].

Haustral folds

Haustral folds are the most common source of FP CAD
detections in cathartically prepared CT colonography.

Some of these detections are easy to dismiss, whereas
others require careful workup. Pilot observer studies
have indicated that FP CAD detections due to folds are
also a leading cause of potentially CAD-induced FPs of
computer-assisted readers [9, 12].

Detections of simple normal haustral folds are easy to
dismiss. Such FP CAD detections are usually caused by
image artifacts, such as partial-volume distortion of thin
folds or pseudo-enhancement effects due to adjacent
positive-contrast tagging [16].

Detections of thickened folds can provide challenging
interpretation pitfalls. In general, if the nearby folds in
the segment have similar appearance to the detected fold,
the CAD detection may be dismissed as a FP (Fig. 1A).
Such CAD detections could be caused by suboptimal
colon distension or sigmoid muscular hypertrophy.
However, if the detected fold looks very different from
the nearby folds, it could represent a non-polypoid lesion
or an infiltrative carcinoma [17].

Also detections of nodular folds can be challenging to
dismiss, because they can imitate polyps or non-polypoid
lesions on a fold (Fig. 1B). Sometimes such image
patterns are caused by movement or reconstruction

Fig. 1. FP CAD detections
(location indicated by squares)
due to normal folds. A 3D (left)
and 2D (right) view of the CAD
detection of a thickened fold.
The similar appearance of the
nearby folds suggests that this is
a normal fold. B Detection of a
nodular fold. C A detection of
converging normal folds.
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artifacts. Confident differentiation may require recon-
ciliation between 2D and 3D views [18].

It is also relatively common for CAD to detect con-
vergences of two or more normal folds (Fig. 1C). Such
patterns should be reconciled in 2D and 3D views with
correlation to other scan views (supine, prone, decubitus)
to confirm that the image pattern is not caused by a non-
polypoid lesion [19].

Untagged or poorly tagged stool

Untagged or poorly tagged stool and feces are the second
most common source of FP CAD detections in cathar-
tically prepared CT colonography and the most common
source of FP CAD detections in non-cathartically pre-
pared CT colonography. They are also a significant
source of FP detections of computer-assisted readers [9,
12].

Many FP CAD detections due to stool can be iden-
tified based upon their internal mottle texture pattern or
irregular angulated contour. A review in 2D view with an
optimal soft-tissue window level setting (Fig. 2A) or in

3D view with a translucency or color map tool [15] may
reveal internal diffuse gas or internal positive-contrast
tagging. Tagged stool is indicated generally by the
enhancement of internal density (Fig. 3A), but one
should be careful in not dismissing CAD detections of
true lesions that may have been coated by a layer of
tagging [20] (Fig. 3B). Also, some of the detected stool
may not be clearly tagged and can imitate polyps in their
internal density (Fig. 2B), thereby requiring a more
detailed analysis. Large pieces of stool may also be indi-
cated by their low CT attenuation (<-200 Hounsfield
units).

Most CAD systems do not check for the mobility of a
detected lesion between the different scan views of a
patient. Therefore, the reader should check if the CAD
detection demonstrates significant longitudinal move-
ment or circumferential movement to the dependent side
between scan views (Fig. 4). However, one should con-
firm that such observed positional movement is not
caused by the circumferential rotation or contraction of
the colon between scans, or by movement of the head of
a pedunculated lesion [21, 22].

Fig. 2. FP CAD detections due
to stool. A Untagged stool
imitating a soft-tissue lesion in a
lung-tissue window level setting
(left). The internal density
variation that can be seen by
adjusting the soft-tissue window
level setting (right) suggests that
the detected lesion is likely to be
stool. B Left: 3D view of a CAD
detection of poorly tagged stool.
In 2D view (right), the low
tagging level causes the lesion
to imitate the density of a polyp,
necessitating further workup.
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Ileocecal valves

Ileocecal valve (ICV) is a frequent source of FP CAD
detections, although the number of such detections is
necessarily limited per patient. Because of its charac-
teristic image pattern and location near the cecum, FP
CAD detections due to ICVs are relatively easy to
dismiss (Fig. 5A). However, they do present some
important interpretation pitfalls. First, one should be
familiar with the wide variation of the shape and den-
sity of normal ICVs [23, 24] in order to not to call CAD
detections of some normal ICVs erroneously as true
lesions (Fig. 5B). Second, polyps can grow on ICVs,
and therefore some CAD detections on an ICV may
indeed represent true lesions (Fig. 5C). Third, some
large polypoid or flat carcinomas can imitate the shape
and density of an ICV in the ascending colon. There-
fore, when reviewing CAD detections on what appears
to be the ICV, one should always confirm the location
and extent of the true ICV and not overlook potential
nearby lesions.

Electronic cleansing and tagging artifacts

Application of orally administered positive-contrast
tagging is highly recommended in CT colonography (1)
to reveal lesions that may be covered by tagged fluid and
(2) to differentiate residual stool and feces from true le-
sions. However, tagging presents significant technical
challenges to CAD algorithms in CT colonography [25],
and therefore it presents a potential source of FP CAD
detections. Fortunately, most of these CAD detections
are easy to dismiss.

It is often assumed that electronic cleansing (EC) can
be used to subtract tagged materials from CT colonog-
raphy data before the application of CAD. This ap-
proach has the problem that EC algorithms tend to
produce a large number of small residual subtraction
artifacts [26] that are detected as abnormal image pat-
terns by CAD systems [7] (Fig. 6). Therefore, the appli-
cation of EC with CAD may be limited to the detection
of large and conspicuous lesions and/or to cathartic
bowel preparations with clearly tagged fluid.

Fig. 3. A Tagged stool is often
indicated by the enhancement of
its internal density. Isolated thin
layers of tagging (left) may need
to be resolved carefully by use of
a soft-tissue window level
adjustment (right). B An
interpretation pitfall: CAD
detections of clearly tagged
regions should be checked
carefully for underlying true
lesions. Here, the tagging is
adhering to an underlying
10-mm sessile adenoma.
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Some CAD systems can analyze positive-contrast
tagged CT colonography data directly without the use of
EC [7]. The application of some of these methods is
limited to cathartic CT colonography where residual
materials appear mostly as fluid [27], whereas others are

also applicable to non-cathartic CT colonography where
residual materials can appear in solid forms [25, 28].
Nevertheless, such CAD systems may still display FP
detections due to some types of partial-volume tagging
artifacts (Fig. 7) [28].

Fig. 4. A FP CAD detection due to poorly tagged stool. In 3D view (left), the stool imitates a round polyp. Correlation of the
detection in supine and prone scan views (middle and right) reveals positional movement to the dependent side.

Fig. 5. CAD detections on
ileocecal valves. A The orifice of
a normal ICV. B A radiologist
misinterpreted this CAD
detection of a normal dilated
ileocecal valve as a true lesion.
C An interpretation pitfall: 3D
(left) and 2D (right) views of a 6-
mm polyp on an ileocecal valve.
A radiologist misinterpreted this
CAD detection as a FP.
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Extrinsic compression

Normal structures and organs that are located outside of
the colon, such as the liver, aorta, psoas muscle, or
adjacent bowel loops, can occasionally cause external
compression that imitates the shape of a sessile or flat
lesion and may be detected by CAD (Fig. 8). Some of
these FP CAD detections can be challenging to dismiss in
3D view and require reconciliation in 2D view [29].

Extra-colonic regions

Most CT colonography workstations rely on semi-
automated colon extraction where a radiologist needs to
indicate the region of colon in CT data to the com-
puter. On the other hand, standalone CAD systems that
attempt to extract the region of colon automatically can
erroneously include extra-colonic regions, such as small

bowel or stomach, in their extracted colon region. Such
extra-colonic regions may occasionally cause FP CAD
detections that however are easy to dismiss (Fig. 9).
Extra-colonic detections may be largely avoided by
limiting the display of CAD detections only to the
regions of colon that were indicated manually by the
radiologist.

Rectal tubes

FP CAD detections due to rectal tubes are easy to dis-
miss. Because also automated identification of rectal
tubes is a relatively easy task, it is likely that mature
CAD systems will display only few FP detections due to
rectal tubes. However, when reviewing CAD detections
on rectal tubes, one should confirm that the detection
was not caused by a true adjacent lesion (Fig. 10).

Fig. 6. An example of FP CAD detections due to residual
artifacts of electronic cleansing. A, B Before electronic
cleansing, a haustral fold (arrow) is submerged partially in
tagged fluid. C After electronic cleansing, the fold has been

partially removed. The residuals of the fold were detected as
FPs by a CAD scheme that was applied to the electronically
cleansed data.

Fig. 7. FP CAD detections due
to positive-contrast tagging
artifacts in cases where
electronic cleansing was not
used. A A partial-volume artifact
imitates a soft-tissue lesion
within the material interface
between lumen air, tagging, and
an air bubble. B A partial-volume
artifact imitates nonspecific soft
tissue at the base of a thin fold
next to a tagged region.
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Miscellaneous sources of FPs

There are also various other sources of FP CAD detec-
tions that, however, tend to occur less frequently than
those listed above. Some of these are easy to dismiss as
FPs, whereas others may require careful problem solving.

Anal papillae are a relatively frequent source of FP
CAD detections, because they tend to imitate the shape
and density of polypoid or non-polypoid lesions
(Fig. 11A). Such detections are often easy to identify
based upon their location at the anal verge and their

Fig. 9. FP CAD detections of
extra-colonic regions. A A
thickened fold in small bowel. B
Bone tissue. In this example, the
CAD system has included
osseous structures incorrectly in
the extracted region of the colon
because of their similar
radiodensity and artificial
connection with positive-contrast
tagged fluid (arrow) in the CT
colonography data.

Fig. 8. FP CAD detections due
to extrinsic compression, seen in
3D (left) and 2D (right) views. A
Muscle. B Bone.
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characteristic pyramidal projection up from the junction
between the skin and inside lining of the anus. Some of
these detections can also represent internal hemorrhoids
or varices. However, one should be especially careful
when dismissing CAD detections that appear near but
not at the anal verge [15].

High-density objects within the abdomen, such
as hip prosthesis or high-density positive-contrast
tagging, can cause streak artifacts in the recon-
structed CT data that can cause FP CAD detec-
tions. Such detections are easy to dismiss in 2D
view (Fig. 11B), but one should be careful in not to

Fig. 11. Miscellaneous
sources of FP CAD detections.
A Anal papilla in 3D and 2D
views. B Streak artifact caused
by high-density tagging. C
Diverticular fecalith: such CAD
detections are easy to dismiss
based upon their heterogeneous
density and irregular margin.

Fig. 10. An interpretation pitfall
due to rectal tube: CAD is
indicating a 7-mm adenoma that
was missed by radiologists
during unaided reading. A In 3D
view, the polyp is hidden by the
rectal tube, and therefore the
CAD detection could be
dismissed incorrectly as a FP
detection on the rectal tube. B In
2D view, the CAD detection of
the polyp is clearly visible.
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dismiss any CAD detections of true lesions in such
regions.

When present, diverticular fecaliths [30] that imitate
polyps in their shape and density tend to be detected as
FPs by CAD systems. Often, such CAD detections are
located within diverticula that are submerged in tagging
(Fig. 11C).

Movement artifacts, such as peristalsis, can produce
malformations of folds and mucosa that tend to be de-
tected as abnormal image patterns by CAD (Fig. 12A).
Also CT reconstruction artifacts may produce ripple-like
regular distortions of folds and mucosa in a region.
Resolving of such CAD detections may require recon-
ciliation between 2D and 3D views and between different
scan views.

Some of the FP CAD detections are associated with
non-specific coarse surface variation of the colonic mu-
cosa or fluid surface. The surface variation of colonic
mucosa can be caused by suboptimal colon distension,
non-specific particulate stool, residual EC artifacts, or by
low-radiation dose or thick region of the abdomen. The
use of polyethylene glycol with bowel preparation tends
to produce bubbly fluid surfaces that may be detected by

CAD as abnormal patterns (Fig. 12B). Such FP CAD
detections are often best identified in 2D view, but one
should ensure that the CAD detection of a coarse mu-
cosa does not actually represent a laterally spreading
tumor.

Sharp turns or bending of the colon can occasionally
produce pseudo-lesions that are detected by CAD. The
identification of such flexular pseudo-tumors may re-
quire an analysis of the internal density of the CAD
detection in 2D view with correlation to another scan
view. One should remember not to overlook true polyps
in the vicinity.

Inverted diverticula [30] occur less frequently but are
often detected by CAD when present in CT colonogra-
phy data. These can be identified in 2D view with a soft-
tissue window level setting based upon the mesenteric fat
within their serosal side.

Sources of FPs in CAD algorithms

It is also instructive to review how FP detections are
introduced in the detection algorithms of CAD systems.
Most CAD systems detect lesions in three basic steps: (1)

Fig. 12. Miscellaneous
sources of FP CAD detections.
A Motion artifact (distorted fold).
B Bubbly surface level of (poorly
tagged) residual fluid.

J. J. Näppi, K. Nagata: Sources of false positives in computer-assisted CT colonography 161



colon extraction, (2) lesion detection, and (3) FP reduc-
tion. The extra-colonic FP CAD detections originate
from the colon extraction step, when it includes extra-
colonic regions erroneously in the extracted colon region.
Next, in an attempt to detect all significant lesions at a
nearly 100% sensitivity, the lesion detection step detects
not only true lesions but also a huge number of FP
detections from the extracted colon region. The final
step, FP reduction, attempts to minimize the number of
FP detections in CAD output while maximizing the
number of true detections, thereby determining the final
detection performance of a CAD system that is observed
by users.

The fact that CAD systems are not created equal is
often overlooked in clinical trials. Different CAD sys-
tems, and sometimes even their different versions, can
have quite different detection performance with the same
data, or quite different detection performance with dif-
ferent types of data, because of their different design
criteria, detection algorithms, and training data [31, 32].
Nevertheless, in cathartically prepared CT colonogra-
phy, the overall distribution of the sources of FP CAD
detections tends to be similar across systems. In contrast,
in non-cathartic CT colonography [33, 34], the distribu-
tion of FPs, and the CAD performance can be quite
different from that of cathartic CT colonography
(Fig. 13).

Despite the internal differences between CAD sys-
tems, most CAD algorithms also have common design
limitations that introduce sources of FP CAD detections

and may need to be addressed in future CAD systems to
reduce the number of FP CAD detections to an accept-
able level. First, most CAD algorithms have been de-
signed to detect local image patterns that are similar to
those of colorectal lesions. However, they do not con-
sider the context of these detections. Therefore, human
readers can easily dismiss many FP CAD detections
simply by considering the context of the detection
(Fig. 14).

Second, CAD systems are not able to compare loca-
tions between different scans reliably and accurately, and
therefore they usually interpret each patient scan as an
independent study. In contrast, human readers can dis-
miss many FP CAD detections by comparing the de-
tected region between the different scans (Fig. 4).

Third, most CAD systems have been designed to
detect polypoid lesions in cathartic CT colonography.
When such CAD algorithms are used to detect flat pol-
yps or flat lesions [35, 36] or when they are used in non-
cathartic CT colonography [28], they can detect much
higher numbers of FP detections than what is currently
reported for polyp detection in cathartic CT colonogra-
phy.

Finally, it should be noted that CT colonography
involves also various other computer-assisted reading
tools than CAD, including different visualization
schemes and measurement tools. Such tools can also
present potential sources of FP detections in CT colo-
nography. Some 3D visualizations present significant
image distortion and may require reconciliation in
alternative views [37], and measurement tools may
overestimate or underestimate the true size of a measured
lesion at the important 6 and 10-mm threshold levels
[38, 39].

Recommended use of CAD

The fact that radiologists can occasionally misinterpret
FP CAD detections as true lesions while dismissing some
true-positive CAD detections erroneously as FPs has
been observed in many pilot trials [40–42]. Therefore,
appropriate reader training for interpreting CT colo-
nography without and with CAD is necessary.

CAD systems are recommended to be used as ‘‘a
secondary reader’’ [7, 43]. That is, each case should be
read first without CAD output. Only after completing
an unaided primary reading step and having made a
diagnosis, one should check the CAD output. The
CAD output should not be used as a basis for
excluding or including findings of unassisted reading,
and the amount of or lack of CAD detections should
not be used as a basis for changing the diagnosis.
Instead, the CAD output should be considered as a
visual aid or ‘‘spell checker’’ to detect lesions that may
have been missed or overlooked during the unassisted
reading.

Fig. 13. An example of reported sources of FP detections
with three different CAD systems (CAD 1 [44], CAD 2 [13],
and CAD 3 [28]). In cathartically prepared CT colonography
(CAD 1 and CAD 2), haustral folds are the largest and poorly
tagged stool the second largest source of FP CAD detections.
In non-cathartic CT colonography (CAD 3), poorly tagged
stool are the single largest and haustral folds the second
largest source of FP CAD detections.
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Each CAD detection should be reviewed carefully by
reconciling its appearance between 2D and 3D views, by
analyzing the internal texture in 2D view, and by corre-
lating the location of the detection with alternative scan
views. A CAD detection should not be dismissed simply
because it does not immediately look like a typical polyp.
For example, in cases where the CAD output indicates a
clearly tagged region, one should consider if the tagging
adheres to an underlying true lesion (Fig. 3B).

Some CAD user interfaces may obscure the internal
texture of a detected lesion by painting the detected re-
gion (Fig. 14, right image). Such a painting can be very
useful in determining what was it precisely that the CAD
system detected, but the painting should be turned off for
problem-solving in 2D view. Ideally, the internal texture
should be reviewed in a scan view where the lesion is
surrounded by air rather than by tagging. The display
window level setting should be adjusted for optimal
visualization of the internal texture of each lesion.

When correlating the location of a CAD detection
between scan views, CAD may or may not have detected
the lesion in all scans. This should not be considered to
indicate that the detected lesion is a true lesion or a FP.

Conclusions

CAD for CT colonography has potential to increase
reader sensitivity and to reduce inter-observer variance.
However, current CAD systems display at least an order
of magnitude larger number of FP detections than do
human readers. This increases the interpretation time,
and it may also reduce the specificity and/or sensitivity of
a computer-assisted reader. The most common sources
of FP CAD detections include various types of haustral
folds and untagged stool. The differentiation of FP CAD
detections from true lesions follows the guidelines of
unaided CT colonographic interpretation. The precise
number and distribution of FP CAD detections depends
on the design of the internal detection algorithms and the
training data of the CAD system. Most CAD systems

have been designed to detect polypoid lesions in cathartic
CT colonography, and they may perform poorly in
detecting other types of lesions and/or in non-cathartic
CT colonography. Also other computer-assisted inter-
pretation tools in CT colonography introduce potential
sources of FP interpretation. To maximize the benefits of
CAD while minimizing its potential adverse effects, CAD
is recommended to be used only as ‘‘a secondary reader’’
after completing an independent unaided primary read-
ing.
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164 J. J. Näppi, K. Nagata: Sources of false positives in computer-assisted CT colonography

http://dx.doi.org/10.1007/s00261-009-9562-3

	Sources of false positives in computer-assisted CT colonography
	Abstract
	Common sources of FP CAD detections
	Haustral folds
	Untagged or poorly tagged stool
	Ileocecal valves
	Electronic cleansing and tagging artifacts
	Extrinsic compression
	Extra-colonic regions
	Rectal tubes
	Miscellaneous sources of FPs

	Sources of FPs in CAD algorithms
	Recommended use of CAD
	Conclusions
	Acknowledgment
	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


