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Induced apnea for better CT visualization
of coronary arteries in children under 1 year.
And is heart rate so essential?
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Material a metdody: Retrospektivna studia realizovana v jednom centre medzi aprilom 2022 a augustom
2024. Kvalita zobrazenia korondrnych tepien bola hodnotena skisenym radiolégom prostrednictvom skoé-

Klucové slové: ieh )
CT angiografia rovacieho systému.
Deti Vysledky: Bolo realizovanych 10 vysetreni u 9 pacientov. Nepritomnost, respektive minimalne pohybové

artefakty boli dosiahnuté u vacsiny vysetreni (90 %). U vacsiny pacientov bolo skére hodnotenia 1, len jeden
pacient mal skore 2. Z uvedeného vyplyva, ze CT koronarografia v riadenom apnoe zlepsuje kvalitu vyse-
trenia. Frekvencia srdca nema vplyv na kvalitu vysetrenia koronarnych tepien u danej skupiny pacientov.
Najlepsia faza na vizualizaciu celého priebehu koronarnych tepien bola medzi 30 - 50 % srdcového cyklu.
Avsak u jedného pacienta bola lava korondrna tepna, ramus interventricular anterior a ramus circumflexus
lepsie vizualizované v 70 - 80 % srdcového cyklu.

Zaver: CT koronarografia v riadenom apnoe reprezentuje efektivnu zobrazovaciu metédu vizualizacie koro-
narnych tepien u deti do 1 roka Zivota s lepsou kvalitou vysetrenia.
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ABSTRACT

Background: Coronary CT angiography (CCTA) in children under one year of age is a usefull technique in

visualization of coronary arteries with high spatial resolution. CT examination of children under 1 year re-

mains a challenge for radiologists and clinicians due to radiation and motion artefacts.

Objectives: To evaluate image quality of CCTA examinations performed in children under 1 year using qua-

litative and quantitative parameters.

Materials and methods: A single center retrospective study of CCTA with induced apnea, performed be-

tween April 2022 and August 2024. We investigated quality of coronary arteries imaging via a visual grading

analysis by two experienced radiologists.

Results: 10 CCTA examinations performed in 9 patients were included. Absent or minimal motion artifacts

were seen in most of the studies (90%). The image quality was excellent in the majority of the CT examina-

tions. The majority of patients had an image score of 1, with only 1 study receiving a score of 2. It appears
Keywords: that coronary artery imaging is greatly improved with apnea, according to the radiologist’s experience. The
Children heart rate does not seem to impact the visibility of coronary arteries in this patient group. The best phase
Coronary arteries for visualizing the entire course of the coronary arteries was between 30-50%. However, in 1 patient, the
CT angiography visibility of the left main coronary artery, left anterior descending, and circumflex artery was better in the
Induced apnea 70-80% phase. CCTA with induced apnea was compared to 11 CCTA examinations performed before April
Propofol 2022. The image quality in this earlier patient group was inferior to that of the induced apnea group. Moti-
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on artifacts were absent or minimal in 50% of the studies. Only two patients received an image score of 1;
the majority of patients (6 patients) received an image score of 2, with the remaining patients receiving an

image score of 3 (3 patients).

Conclusion: Coronary computed tomographic angiography with induced apnea presents a practical and
efficacious imaging technique for coronary artery visualization in infants under one year of age, yielding
superior image quality and detail compared to CCTA performed without induced apnea.

Introduction

Echocardiography represents the most important di-
agnostic method in patients with CHD." A detailed under-
standing of variations and coexisting lesions is crucial for
future surgical planning. In some cases the whole course of
coronary arteries (CA) must be visualized, not only proximal
parts, then coronary CT angiography (CCTA) is helpful.>?

CT provides high spatial resolution with excellent vi-
sualization of the CA. In recent years, cardiac CT has
emerged as a powerful diagnostic tool in the assessment
of young children with suspected or known CHD. Advanc-
es in CT technology have allowed for dramatic decreases
in radiation dose (the effective dose <1 mSv) without loss
of quality in visualization.*

The high-resolution three-dimensional imaging capa-
bilities of CCTA allows for detailed visualization of the
complex cardiac anatomy, providing critical insights into
the precise nature and extent of structural abnormalities.
This information is invaluable in guiding the develop-
ment of personalized treatment strategies and surgical
planning, ultimately improving the prognosis for these
vulnerable patients.®

Cardiac CT is sensitive to respiratory motion artifacts
which can reduce the quality of imaging especially the
CA. It is impossible to avoid these artifacts in children un-
der age of 1 year. General anesthesia with induced apnea
can solve these problems. We present the study when we
want to prove that induced apnea during CCTA effective-
ly reduce motion artifacts.®

Anesthesia protocol

First, the anesthesiologist conducts an anesthesiology con-
sultation and prepares the patient. The parents are fully
informed and complete an anesthesiology questionnaire,
which includes anamnestic questions. The parents then
consent to the procedure under general anesthesia.

Patients are kept fasting for 6 hours, with breast milk
restricted for 4 hours and water/tea for 2 hours.

The patient typically receives premedication for 20-30
minutes in the department. Dexmedetomidine is com-
monly administered intranasally as a premedication, also
to slow the heart rate in children, especially newborns.
The dexmedetomidine dose is 3 pg/kg administered in-
tranasally. ICU patients are usually continuously sedated
and do not require premedication. They will have a pe-
ripheral intravenous cannula provided in the department.

After premedication, the patient is transported under
monitoring, including pulse oximetry, and is fully moni-
tored in ICU,, with ventilator and oxygen, before arriving
at the CT worplace accompanied by a nurse and a parent.

The patient was stabilized; positioned supine in the
CT gantry, and continuous monitoring was maintained.
General anesthesia was induced in all patients through
intravenous administration of propofol, with the dose ti-
trated accordingly. Some ICU patients also received con-
tinuous dexmedetomidine. Patients from the department
were provided nasal oxygen, and a bolus of propofol
was used to induce controlled apnea. First, a CT scan was
performed, and then, following the radiologist>s instruc-
tions, the anesthesiologist administered a bolus of pro-
pofol to induce apnea. All patients were preoxygenated
with 100% oxygen. Following the CT study, the child was
carefully removed from the CT gantry and mechanically
ventilated using a bag and mask until spontaneous ven-
tilation returned or ventilation was induced by the ven-
tilator. The patient was closely monitored and stabilized,
ensuring their ventilation and oxygenation parameters
returned to their previous, baseline values. Throughout
this process, the patient was continuously monitored,
with measures such as ECG, pulse oximetry, and ventila-
tion parameters closely tracked (Fig. 1).

Anesthesia was performed in all patients without any
complications, and the patients were subsequently trans-
ported back to their respective departments.

Cardiac CT protocol

Electrocardiogram-gated studies were performed using
a volumetric technique with a 320-MDCT scanner (Aquili-
on ONE; Canon Medical Systems, Otawara, Japan).

In the context of CT coronary imaging for infants, tem-
poral resolution is of utmost importance. Mentioned CT
scanner achieves a temporal resolution of 175 ms. A z-axis
coverage of 80-100 mm is sufficient to visualize the coro-
nary arteries, thus eliminating the need for table move-
ment.

Fig. 1 - Scheme of coronary CT angiography with induced apnea.
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The gantry rotation time was 0.35 seconds, and the
tube voltage was set at 80 kV. The tube current in mA
was based on the patient’s age and weight. A non-ionic
contrast agent, Visipaque, with a concentration of 320
mg/ml was injected through a 22-gauge cannula using
a dual-syringe power injector at a dose of 1.5 ml/kg. The
triphasic contrast injection protocol is the preferred tech-
nique, involving an initial bolus of full-strength contrast
agent, followed by a contrast-saline mixture, and finally
a normal saline flush.The injection rate was 0.7-0.8 ml/s,
and the contrast medium was injected via a lower or up-
per extremity.

To optimize image acquisition, the region of inter-
est should be positioned within the chamber, targeting
a Hounsfield unit value of up to 200. Scanning should be
initiated once this threshold is reached, as determined by
monitoring density curves. A short delay, approximately
2 seconds, between the scan initiation command and the
commencement of the scanning process, is also crucial.
Implementing a bolus tracking methodology with a mon-
itoring time of 1.5 seconds is also recommended.

All images were obtained with prospective ECG gating
during two cardiac cycles. Half-scan reconstruction was
used to reconstruct phases at every 5-10% across the car-
diac cycle. A three-dimensional adaptive iterative dose re-
duction algorithm was employed to obtain 0.5-mm-thick
axial slices. The PhaseXact scanner software automatically
determined the cardiac phase with the least motion for
CT angiography image reconstruction. The attending ra-
diologist then selected individually the best motion-free
cardiac phase adjacent to the predefined target phase
using ImageXact software, which allows for half-scan re-
construction of data across the entire spectrum of cardiac
phases covered by the rotation time.

Image analysis

The Digital Imaging and Communications in Medicine (DI-
COM) datasets of pre-selected CCTA studies were transfe-
rred to a post-processing workstation (Vitrea; Canon Me-
dical Systems). Image-reformatting techniques, including
multiplanar reformation and maximum-intensity projec-
tion, were used to assess the CCTA examinations. Quali-
tative evaluation was performed by a single, well-expe-
rienced radiologist in cardiac imaging. The images were
subjectively scored for overall image quality and motion
artifact, as described by Saleh et al.” (Table 1).

Radiation dose calculation

The volume CT dose index (CTDIvol) and dose-length pro-
duct (DLP) displayed on the CT console were recorded for
each CTA examination. The CTDIvol and DLP based on
the 32-cm phantom were multiplied by a factor of 2.6 to
obtain the radiation doses based on a 16-cm phantom.
Using scanner manufacturer recommendations, we plu-
gged in the same scanning parameters (tube voltage,
tube current, collimation) on the scanner console initia-
Ily for a body scan (32-cm phantom) and then for a head
scan (16-cm phantom), which yielded a conversion factor
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Table 1- Subjective scale for scoring image quality and/or motion

artifacts on CT angiography

Score 1 - Excellent images with absent motion artifacts
(high diagnostic confidence)

Score 2 - Good images with mild motion artifacts
(diagnostic quality image)

Score 3 - Fair images with moderate motion artifacts
(indeterminate diagnosis)

Score 4 - Poor quality images due to severe motion artifacts
(nondiagnostic)

Table 2 - Radiation dose parameters

DLP (mGy.cm) 36.7 (26.1-68.55)
CTDIvol (mGy) 26.1(18.29-32.58)
Effective dose (mSv) 0.948 (0.57-1.78)

of 2.6 for our scanner. CT dose index and dose-length
product, based on a 32 ¢cm sized phantom, and efective
dose of CCTA were (mean dose-length product (DLP) 36.7
mGy-cm, range 26.1-68.55 mGy-cm, mean volumetric CT
dose index (CTDIvol) 26.1 mGy, range 18.29-32.58 mGy,
and the mean calculated effective dose 0.95 mSy, range
0.57-1.78 mSv) (Table 2).

Study population

Between April 2022 and August 2024, 9 patients with va-
rious diagnoses underwent CCTA using a 320-MDCT sca-
nner at our institution. All patients included in this study
were younger than 1 year (5 boys, 4 girls). The CT exami-
nations were performed under general anesthesia with
induced apnea. In all patients, the apnea was induced
by a bolus injection of propofol. Table 3 shows the de-
mographic data of the patients. The diagnoses included
5 patients with D-transposition of great arteries (Fig. 2),
2 patients with dilated cardiomyopathy, 1 patient with
tetralogy of Fallot, 1 patient with anomalous left coro-
nary artery from the pulmonary artery (Fig. 3). A total of
10 CT examinations were performed in these 9 patients.
The indications for the CT study (count — 9) were poor

Fig. 2 - D-transposition of great arteries. (A, B) Modified sagital
view - Origin of circumflex artery from the right coronary artery
and its course. RCA - right coronary artery; RCx - circumflex artery.
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Fig. 3 - ALCAPA. Sagital view - Origin of left coronary artery from
the main pulmonary artery root (yellow arrowhead). VRT recon-
struction - missing left coronary origin from the aortic root (red
arrowhead). Origin of left coronary artery from the main pulmona-
ry artery (yellow arrowhead).

Table 3 - Demographic data of the patients

Demographic data  Induced apnea gr. Non-induced apnea gr.

Sex

Girls 4 7

Boys 5 4
Age (d) 20.4 (1-75) 41 (3-256)
Weight (g) 3.59 (2.9-4.5) 4.8 (2.7-8.7)
Heart rate 125.5 (100-166) 124.5 (98-156)

(beats per minute)

Gr. - group.

Table 4 - Coronary artery image quality score

Induced apnea group

RCA LCA LAD RCx
1 9 9 9 8
2 1 1 1 2
3 0 0 0 0
4 0 0 0 0

Non-induced apnea group

RCA LCA LAD RCx
1 2 2 2 2
2 6 6 6 6
3 3 3 3 3
4 0 0 0 0

visualization of the coronary arteries by transthoracic
echocardiography before surgery and suspected ALCAPA
in patients with acute left heart failure. Additionally, 1
CT examination was performed in the early postopera-
tive period due to the patient’s desaturation and poor
left ventricular function. The age range of the patients
was 2 to 75 days, with a mean age of 20.4 days. The heart
rate of the patients during the CT scanning ranged from
100 to 166 beats per minute, with a mean of 125.5 beats
per minute.

CCTA with induced apnea was compared to 11 CCTA
examinations performed in 11 patients before April 2022.
The age range of this patients’ group was 3 to 256 days,
with a mean age of 41 days. The heart rate during scan-
ning ranged between 98 to 156 beats per minute, with
a mean of 124.5 beats per minute. All examinations were
under general anesthesia but without induced apnea.
The diagnosis included 3 patients with tetralogy of Fallot,
5 patients with D-transposition of great arteries, and the
rest were patients with suspiction of anomalous origin of
left coronary artery with acute heart failure.

Statistical methods

Statistical analysis included the calculation of means and
ranges.

Results

Various congenital cardiac abnormalities were observed
in the children undergoing induced apnea. Absent or mi-
nimal motion artifacts were seen in most of the studies
(90%). The image quality was excellent in the majority
of the CT examinations. The quality of coronary artery
imaging is shown in Table 4. The majority of patients had
an image score of 1, with only 1 study receiving a score of
2. It appears that coronary artery imaging was very good
with apnea, according to the radiologist’s experience.
The heart rate does not seem to impact the visibility of
coronary arteries in this patient group. The best phase for
visualizing the entire course of the coronary arteries was
between 30-50%. However, in 1 patient, the visibility of
the left main coronary artery, left anterior descending,
and circumflex artery was better in the 70-80% phase.
CCTA with induced apnea was compared to 11 CCTA
examinations performed before April 2022. The image
quality in this earlier patient group was inferior to that
of the induced apnea group. Motion artifacts were ab-
sent or minimal in 50% of the studies. Only two patients
received an image score of 1; the majority of patients (6
patients) received an image score of 2, with the remain-
ing patients receiving an image score of 3 (3 patients).

Discussion

The increasing use of CCTA in the assessment of new-
borns with congenital heart disease is driven by its dis-
tinct advantages over other imaging modalities. CT offers
superior spatial resolution, allowing for detailed visuali-
zation of the complex cardiac anatomy, including the co-
ronary arteries, which are often challenging to evaluate
using echocardiography alone.® Furthermore, CT provides
a comprehensive, three-dimensional perspective that is
invaluable in surgical planning and the development of
personalized treatment strategies.® The findings from this
study underscore the feasibility and potential clinical uti-
lity of CCTA as an important diagnostic tool in the eva-
luation of children under one year of age with coronary
artery abnormalities.
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The present study demonstrates that volumetric CCTA
with induced apnea allows for the accurate detection
of the various types of coronary anomalies. The use of
induced apnea during the CT acquisitions was critical in
minimizing motion artifacts and optimizing image qual-
ity. The excellent image quality achieved in the majority
of studies, with most patients receiving the highest score
for coronary artery visualization, highlights the effective-
ness of this approach. The timing of the CT acquisition
during the cardiac cycle is another important factor in de-
termining the quality of coronary artery imaging.'® The
optimal phase for visualizing the entire course of the cor-
onary arteries was found to be between 30-50% of the
cardiac cycle. However, in one patient, the visibility of the
left main coronary artery, left anterior descending, and
circumflex artery was better in the 70-80% phase, em-
phasizing the need for individualized adjustments based
on patient-specific factors, such as heart rate and others,
to achieve the best possible imaging outcomes.'-'3

The present study highlights the feasibility and poten-
tial clinical utility of CCTA in the evaluation of newborns
with coronary artery anomalies. The use of induced ap-
nea and optimized CT acquisition parameters were key in
achieving excellent image quality and visualization of the
coronary arteries, which can enhance diagnostic accuracy
and inform personalized treatment strategies.

Given the promising findings of this study, future re-
search should focus on evaluating the diagnostic perfor-
mance of CCTA in larger cohorts of newborns with con-
genital heart disease, as well as assessing the long-term
clinical outcomes. To achieve high-quality images in chil-
dren, radiologists must optimize techniques for the child,
CT scanner, and clinical indication.

Conclusions

CCTA with induced apnea represents a feasible and
effective imaging modality for evaluating newborns with
congenital heart disease. The ability to achieve excellent
image quality and detailed visualization of the coronary
arteries underscores the utility of this technique in infor-
ming clinical decision-making and surgical planning for
these patients.

Conflict of interest
Author declare no conflict of interest.

422_426_Puvodni_sdeleni_Kardos.indd 426

Funding
There are currently no funding sources in the list.

Ethical statement

The present study followed international and national re-
gulations and was in agreement with the Declaration of
Helsinki, and ethical principles. Our institution does not
require ethical approval for reporting individual cases or
case series.

Informed consent

Written informed consent was obtained from the patient
and his wife for their anonymized information to be pu-
blished in this article.

References

1. Mahle TW, Gonzalez JH, Kreeger J, et al. Echocardiography of
transposition of the great arteries. Cardiol Young 2012;22:664-670.

2. Woo Goo H. State-of-the-Art CT Imaging Techniques for
Congenital Heart Disease. Korean J Radiol 2010;11:4-18.

3. Jadhav SP, Golriz F, Atweh LA, et al. CT Angiography of
Neonates and Infants: Comparison of Radiation Dose and
Image Quality of Target Mode Prospectively ECG-Gated 320-
MDCT and Ungated Helical 64-MDCT. AJR 2015;204:184-191.

4. Malone LJ, Morin CE, Browne LP. Coronary computed tomography
angiography in children. Ped Rad 2022;52:2498-2509.

5. Woo Goo H. Coronary Artery Imaging in Children. Korean J
Radiol 2015;16:239-250.

6. Chakravarthy M,Sunilkumar G, Pargaonkar S, et al.

Induced apnea enhances image quality and visualization of
cardiopulmonary anatomic during contrastenhanced cardiac
computerized tomographic angiography in children. Ann Card
Anaesth 2015;18:179-184.

7. Saleh RS, Patel S, Lee MH, et al. Contrast-enhanced MR
Angiography of the Chest and Abdomen with Use of
Controlled Apnea in Children. Radiology 2007;243:837-846.

8. Alonso-Gonzalez R, Swan L. Non-invasive imaging in
congenital heart disease. SA Heart Journal 2013;10:592-598.

9. BhatV, Belaval V, Gadabanahalli K, et al. Illustrated Imaging
Essay on Congenital Heart Diseases: Multimodality Approach
Part I: Clinical Perspective, Anatomy and Imaging Techniques. J
Clin Diagn Res 2016;10:1-6.

10. Woo Goo H. Quantitative evaluation of coronary artery
visibility on CT angiography in Kawasaki disease: young vs. old
children. Int J Cardiovasc Imaging 2021;37:1085-1092.

11. Le Roy J, Azais B, Zarqane H, et al. Selection of optimal
cardiac phases for ECG-triggered coronary CT angiography in
pediatrics. Phys Med 2021;81:155-161.

12. Borns J, Grani C, Kadner A, et al. Symptomatic coronary
anomalies and ischemia in teenagers - rare but real. Front
Cardiovasc Med. 2020;7:559794.

13. NaJ, Chen X, Zhen Z, et al. Anomalous right coronary artery
originating from the aorta: a series of nine pediatric cases.
BMC Pediatr 2023;23:546.

22/09/2025 12:54:21




<<
  /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


