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An ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for determining appropriate imaging examinations for diagnosis and treatment of specified medical 
condition(s). These criteria are intended to guide radiologists, radiation oncologists and referring physicians in making decisions regarding radiologic imaging and treatment.  Generally, the complexity and 
severity of a patient's clinical condition should dictate the selection of appropriate imaging procedures or treatments.  Only those exams generally used for evaluation of the patient's condition are ranked.  
Other imaging studies necessary to evaluate other co-existent diseases or other medical consequences of this condition are not considered in this document.  The availability of equipment or personnel may 
influence the selection of appropriate imaging procedures or treatments.  Imaging techniques classified as investigational by the FDA have not been considered in developing these criteria; however, study 
of new equipment and applications should be encouraged.  The ultimate decision regarding the appropriateness of any specific radiologic examination or treatment must be made by the referring physician 
and radiologist in light of all the circumstances presented in an individual examination.    

ACR Appropriateness Criteria® 1 Shortness of Breath 

American College of Radiology 
ACR Appropriateness Criteria® 

Clinical Condition: Shortness of Breath—Suspected Cardiac Origin 

Radiologic Procedure Rating Comments RRL*

X-ray chest 9 For evaluation of pulmonary vascularity 
and edema. Min 

US echocardiography transthoracic 8  None 

NUC myocardial perfusion scan 7  High 

NUC Tc-99m ventriculography 6  Med 

INV arteriography coronary 6  Med 

INV left ventriculography 6  Med 

CT heart function and morphology 
with contrast 5 

Multidetector with maximal temporal and 
spatial resolution. For detection of 
coronary artery disease. 

High 

CT chest 5 For evaluation of pulmonary vascularity 
and edema. Med 

US echocardiography transesophageal 5  None 
MRI heart function and morphology 
with or without contrast 4  None 

US peripheral venous 3 Only if DVT or PE suspected. None 

NUC Tc-99m V/Q scan lung 3 Only if PE suspected. Med 

INV arteriography pulmonary 2 Only if PE suspected. High 

Rating Scale:  1=Least appropriate, 9=Most appropriate *Relative 
Radiation Level 
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SHORTNESS OF BREATH—SUSPECTED CARDIAC ORIGIN 

Expert Panel on Cardiac Imaging: U. Joseph Schoepf, 
MD1; E. Kent Yucel, MD2; Michael A. Bettmann, MD3; 
Thomas Casciani, MD4; Antoinette S. Gomes, MD5; 
Julius H. Grollman, MD6; Stephen R. Holtzman, MD7; 
Joseph F. Polak, MD, MPH8; David Sacks, MD9;  
William Stanford, MD10; Michael Jaff, MD11;  
Gregory L. Moneta, MD.12 

Summary of Literature Review 
Shortness of breath, or dyspnea, has no precise definition, 
and patients vary in their attempts to describe the 
sensation. It may have a respiratory or cardiac origin and 
may be associated with deconditioning, anemia, or 
anxiety. Some patients have a combination of these 
factors that produce dyspnea at rest, after exercise, or in 
certain positions (orthopnea, trepopnea, or platypnea, ie, 
recumbent, on one side, or in the upright position). 
Dyspnea may have an acute onset or may be chronic and 
is more common in the elderly. Comroe described 
breathlessness as “...difficult, labored, uncomfortable 
breathing.” 

It is not always easy to distinguish between the various 
causes of dyspnea, although history, physical 
examination, and simple laboratory tests usually provide a 
working diagnosis. The electrocardiogram, plain chest 
radiograph, and complete blood count are part of the 
initial diagnostic workup. Simple pulmonary function 
testing and oximetry are important tests when chronic 
obstructive pulmonary disease (COPD) or asthma is 
suspected. Cardiopulmonary exercise testing, with 
measurement of peak oxygen uptake, is useful in this 
assessment when combinations of cardiac and respiratory 
causes are being considered. 

Congestive heart failure (CHF) is the most common 
cardiac cause of dyspnea. CHF may involve both systolic 
and diastolic left ventricular dysfunction. Although we 
commonly think of systolic dysfunction as most important 
because it produces decreased cardiac output, it is the 
diastolic dysfunction that appears to be associated with 
the symptom of dyspnea and with reduced functional 
capacity under the New York Heart Association (NYHA) 
grading system in some cases. Some patients may have 
CHF and dyspnea with normal ejection fractions and can 
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be classified as having diastolic heart failure. Ischemic 
heart disease is the most common cause of CHF, but other 
etiologies include valvular heart disease, left-to-right 
shunts, hypertension and hypertrophic myopathies, 
infiltrative disorders such as amyloid disease, right 
ventricular failure or overload with abnormal septal 
intrusion on the left ventricle, pericardial disease with 
restriction in diastolic filling of the left ventricle (LV) and 
cardiomyopathies due to alcohol, drugs, radiation, 
inflammation, peripartum, or unknown causes 
(idiopathic). 

Imaging studies are invaluable for establishing the 
diagnosis and, in many instances, determining the 
appropriate management strategy. The plain chest film 
and echocardiography are the major imaging tools 
employed, but radionuclide imaging plays an important 
role. Computed tomography (CT) and magnetic resonance 
imaging (MRI) have much to offer but have not been used 
with much frequency to date. Cardiac angiography and 
coronary arteriography are invasive imaging techniques 
that are used extensively for diagnosing or excluding 
ischemic disease and, together with cardiac 
hemodynamics and endomyocardial biopsy, are important 
for precise evaluation of cardiac function and etiology of 
cardiomyopathies. 

Radiograph 
The radiograph provides important information about the 
underlying etiology of dyspnea at a very moderate cost. 
Most of the noncardiac causes related to primary 
respiratory conditions can be identified. Cardiomegaly is 
seen in about half of patients with chronic CHF, and 
specific chamber enlargement is helpful in detecting 
valvular heart disease. CHF is fairly reliably manifested 
in the acute situation by alveolar pulmonary edema or in 
the chronic situation by interstitial edema. Elevation of 
left ventricle (LV) end-diastolic pressure (LVEDP), 
however, is not always accompanied by signs of 
interstitial edema, particularly in patients who have 
undergone treatment with diuretics and angiotensin-
converting enzyme (ACE) inhibitors, whereas clinical 
symptoms and NYHA grade tend to parallel the 
radiographic findings of elevated pulmonary capillary 
wedge pressure (PCWP). Absence of the radiographic 
signs of congestion does not ensure a normal LVEDP or 
PCWP in patients with chronic CHF. Flow to the upper 
and lower zones of the lung can be determined in both 
upright and supine radiographs by comparing the ratio of 
a pulmonary artery to its accompanying bronchus. The 
pulmonary artery enlarges relative to the bronchus when 
flow is increased. Normally the flow to the lower lobes 
exceeds that to the upper lobes with a ratio of less than 
one in the upper zones and greater than one in the lower 
zones. Flow to both the upper and lower zones increases 
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with pulmonary plethora, as occurs in renal failure or left-
to-right shunts, whereas in impending CHF, upper-zone 
flow is increased and lower-zone flow is decreased. This 
results in what is commonly referred to as “pulmonary 
vascular redistribution.” 

Echocardiography 
Transthoracic echocardiography (TTE) and 
transesophageal echocardiography (TEE) are widely 
available techniques that play an extremely important role 
in evaluating patients with dyspnea of suspected cardiac 
origin. LV size, systolic and diastolic function 
(contraction and relaxation), wall thickness and texture, 
and the presence of valve dysfunction are obtained with a 
combination of two-dimensional and color Doppler 
techniques. Serial studies are easily performed without 
radiation exposure. TTE has limitations in imaging certain 
body types, while TEE is somewhat invasive and should 
be reserved for cases that require better definition of the 
mitral valve or when TTE is unsatisfactory. 

Stress echo studies are useful to detect regional wall 
motion abnormalities in ischemic situations. 
Abnormalities of diastolic function can be detected in 
patients with normal heart size. Pericardial restraint 
during relaxation can often be inferred. Pericardial 
effusion is easily detected, but pericardial thickening and 
calcification are not readily seen. 

Radionuclide Imaging 
Equilibrium-gated blood-pool imaging of the left ventricle 
in systole and diastole provides reliable and reproducible 
measurements of ejection fraction and regional wall 
motion abnormalities and is useful in assessing diastolic 
and systolic performance. In patients undergoing 
radionuclide imaging for dyspnea of suspected cardiac 
origin, dyspnea appears to be an independent predictor of 
an increased risk for death from cardiac causes and from 
any cause. It is less dependent than echocardiography on 
assumptions of ventricular geometry. These studies are 
widely available and are relatively expensive. They 
require exposure to radiation, have poor spatial resolution, 
and may be hampered by cardiac dysrhythmias. 

Studies can be performed after stress and at rest to assess 
ventricular function under conditions designed to provoke 
ischemia. Myocardial perfusion imaging with a variety of 
agents can be performed at rest and after stress with 
exercise, dobutamine, dipyridamole, or adenosine. These 
studies give generally reliable results that detect areas of 
ischemia, infarction, and hibernating myocardium. They 
may be useful in patients with dyspnea and suspected 
myocardial ischemia for demonstrating regional perfusion 
abnormalities. 

Computed Tomography 
Conventional CT with contrast infusion gives limited 
information about cardiac chamber enlargement. It can 

detect pericardial calcification and effusions and is quite 
useful for detecting pulmonary causes of dyspnea. 
Compared to conventional radiography, CT enables 
superior assessment of pulmonary vascularity in the 
context of congestive heart failure. It has little utility in 
evaluating cardiac function. 

Gated studies can be performed with multidetector row 
CT, which provides detailed information on cardiac and 
general thoracic pathology. Effusions and cardiac tumors 
are easily detected. Coronary calcium is visible, and 
several scoring systems have been developed that 
correlate loosely with severity of coronary artery disease. 
In addition, such studies can be viewed as multiple frames 
over a cardiac cycle or in a cine format. Precise and 
reproducible measurements of ventricular volumes, wall 
thickness, and regional contraction abnormalities can be 
made, although multidetector row CT should not be used 
primarily for evaluating cardiac function. 

ECG-synchronized CT is also emerging as an important 
tool for the non-invasive detection of coronary artery 
stenosis. While currently there is no literature to support 
the use of CT for the detection of coronary artery disease 
in the setting of shortness of breath with suspected cardiac 
origin, it is anticipated that CT of the heart will prove 
beneficial in the management of patients with this 
presentation. As with all imaging tests involving use of 
iodinated contrast material, the diagnostic benefit needs to 
be weighed against the risk of inducing or worsening 
congestive heart failure due to contrast related volume 
overload. 

Magnetic Resonance Imaging 
To achieve adequate magnetic resonance images (MRI) of 
the heart, artifacts from cardiac and respiratory motion 
and the flow of blood within vessels need to be corrected. 
ECG and respiratory gating are required if images are to 
be acquired over several heartbeats. Current techniques 
suggest the feasibility of producing satisfactory image 
quality during a single breath-hold or even during a single 
heartbeat. Cine MRI reveals anatomic and functional 
abnormalities of the valves, pericardium, and myocardium 
without the need for radiation or contrast administration. 

Currently there are few proven indications for MRI in the 
setting of acute dyspnea. Research into applying MRI to 
functional studies of myocardial contraction and diastolic 
relaxation have shown promise to accurately characterize 
the functional abnormality and to provide specific tissue 
characterization of certain infiltrative cardiomyopathies. 
Until these techniques are studied in more detail and 
become available to the general public, MRI's clinical 
applicability remains unproven. 

Invasive Techniques 
Physiological studies with hemodynamic monitoring of 
right heart and pulmonary wedge pressures are often 
useful in detecting a cardiac cause of dyspnea when the 
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etiology is obscure. Angiography may play a role in 
detecting normal coronary arteries in patients with heart 
failure due to cardiomyopathy or in revealing coronary 
disease when the clinical suspicion is low. Left 
ventricular function is more easily determined 
noninvasively, but left ventriculography may reveal 
regional wall motion abnormalities not detected by 
echocardiography or radionuclide angiography. 

Summary 
Dyspnea is a poorly understood symptom that may have 
pulmonary, cardiac, or psychological causes. The simple 
chest radiograph is most useful in separating cardiac from 
pulmonary disease, and the echocardiogram has emerged 
as the noninvasive modality of choice for determining left 
ventricular function. Radiographs and echocardiographs 
are widely available, have virtually no risk, and are 
suitable for serial studies. Nuclear imaging is widely used 
as a method for study of left ventricular function as well 
as myocardial perfusion. Multidetector row CT and 
cardiac MRI have a variety of limitations, and their 
efficacy has not been validated on sufficiently large 
populations, even though they have potential for 
evaluating anatomy and function. 

Relative Radiation Level Information 
Potential adverse health effects associated with radiation 
exposure are an important factor to consider when 
selecting the appropriate imaging procedure. Because 
there is a wide range of radiation exposures associated 
with different diagnostic procedures, a relative radiation 
level (RRL) indication has been included for each 
imaging examination. The RRLs are based on effective 
dose, which is a radiation dose quantity that is used to 
estimate population total radiation risk associated with an 
imaging procedure. Additional information regarding 
radiation dose assessment for imaging examinations can 
be found in the ACR Appropriateness Criteria® Radiation 
Dose Assessment Introduction document. 

Relative Radiation Level Designations 
Relative Radiation 

Level 
Effective Dose 

Estimate Range 
None 0 

Minimal < 0.1 mSv 
Low 0.1-1 mSv 

Medium 1-10 mSv 
High 10-100 mSv 

References 
1. Abidov A, Rozanski A, Hachamovitch R, et al. Prognostic 

significance of dyspnea in patients referred for cardiac stress 
testing. N Engl J Med 2005; 353(18):1889-1898. 

2. Bentancur AG, Rieck J, Koldanov R, Dankner RS. Acute 
pulmonary edema in the emergency department: clinical and 
echocardiographic survey in an aged population. Am J Med Sci 
2002; 323(5):238-243. 

3. Bergeron S, Ommen SR, Bailey KR, Oh JK, McCully RB, Pellikka 
PA. Exercise echocardiographic findings and outcome of patients 

referred for evaluation of dyspnea. J Am Coll Cardiol 2004; 
43(12):2242-2246. 

4. Blaivas M. Incidence of pericardial effusion in patients presenting 
to the emergency department with unexplained dyspnea. Acad 
Emerg Med 2001; 8(12):1143-1146. 

5. Bourassa MG, Gurne O, Bangdiwala SI, et al. Natural history and 
patterns of current practice in heart failure. The Studies of Left 
Ventricular Dysfunction (SOLVD) Investigators. J Am Coll 
Cardiol 1993; 22(4 Suppl A):14A-19A. 

6. Butcher BL, Nichol KL, Parenti CM. High yield of chest 
radiography in walk-in clinic patients with chest symptoms. J Gen 
Intern Med 1993; 8(3):115-119. 

7. Chakko S, Gheorghiade M. Estimating severity of chronic heart 
failure: a clinical challenge for the 1990s. Am Heart J 1992; 
124(1):260-264. 

8. Chakko S, Woska D, Martinez H, et al. Clinical, radiographic, and 
hemodynamic correlations in chronic congestive heart failure: 
conflicting results may lead to inappropriate care. Am J Med 1991; 
90(3):353-359. 

9. Cohn JN, Johnson G. Heart failure with normal ejection fraction. 
The V-HeFT Study. Veterans Administration Cooperative Study 
Group. Circulation 1990; 81(2 Suppl):III48-53. 

10. Doherty NE, 3rd, Seelos KC, Suzuki J, et al. Application of cine 
nuclear magnetic resonance imaging for sequential evaluation of 
response to angiotensin-converting enzyme inhibitor therapy in 
dilated cardiomyopathy. J Am Coll Cardiol 1992; 19(6):1294-
1302. 

11. Duane PG, Colice GL. Impact of noninvasive studies to distinguish 
volume overload from ARDS in acutely ill patients with 
pulmonary edema: analysis of the medical literature from 1966 to 
1998. Chest 2000; 118(6):1709-1717. 

12. Edwards BS, Rodeheffer RJ. Prognostic features in patients with 
congestive heart failure and selection criteria for cardiac 
transplantation. Mayo Clin Proc 1992; 67(5):485-492. 

13. Elliott MW, Adams L, Cockcroft A, MacRae KD, Murphy K, Guz 
A. The language of breathlessness. Use of verbal descriptors by 
patients with cardiopulmonary disease. Am Rev Respir Dis 1991; 
144(4):826-832. 

14. Feldman T. Rheumatic mitral stenosis. On the rise again. Postgrad 
Med 1993; 93(6):93-94, 99-104. 

15. Herman PG, Khan A, Kallman CE, Rojas KA, Carmody DP, 
Bodenheimer MM. Limited correlation of left ventricular end-
diastolic pressure with radiographic assessment of pulmonary 
hemodynamics. Radiology 1990; 174(3 Pt 1):721-724. 

16. Hess OM, Villari B, Krayenbuehl HP. Diastolic dysfunction in 
aortic stenosis. Circulation 1993; 87(5 Suppl):IV73-76. 

17. Ho KK, Pinsky JL, Kannel WB, Levy D. The epidemiology of 
heart failure: the Framingham Study. J Am Coll Cardiol 1993; 
22(4 Suppl A):6A-13A. 

18. Iriarte M, Murga N, Sagastagoitia D, et al. Congestive heart failure 
from left ventricular diastolic dysfunction in systemic 
hypertension. Am J Cardiol 1993; 71(4):308-312. 

19. Kahn JK, Sills MN, Corbett JR, Willerson JT. What is the current 
role of nuclear cardiology in clinical medicine? Chest 1990; 
97(2):442-446. 

20. Kasper EK, Agema WR, Hutchins GM, Deckers JW, Hare JM, 
Baughman KL. The causes of dilated cardiomyopathy: a 
clinicopathologic review of 673 consecutive patients. J Am Coll 
Cardiol 1994; 23(3):586-590. 

21. Kudenchuk PJ, Hosenpud JD, McDonald RW, Solin RC. 
Immediate echocardiography in the management of acute 
respiratory exacerbations of cardiopulmonary disease. A 
prospective study. Chest 1990; 97(4):782-787. 

22. Little WC, Applegate RJ. Congestive heart failure: systolic and 
diastolic function. J Cardiothorac Vasc Anesth 1993; 7(4 Suppl 
2):2-5. 

23. Murali S. Invasive testing in congestive heart failure. When is it 
useful? Postgrad Med 1993; 94(3):75-80, 83. 

24. Narang R, Chopra P, Wasir HS. Cardiac amyloidosis presenting as 
ischemic heart disease. A case report and review of literature. 
Cardiology 1993; 82(4):294-300. 

http://www.acr.org/SecondaryMainMenuCategories/quality_safety/app_criteria/RRLInformation.aspx
http://www.acr.org/SecondaryMainMenuCategories/quality_safety/app_criteria/RRLInformation.aspx


An ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for determining appropriate imaging examinations for diagnosis and treatment of specified medical 
condition(s). These criteria are intended to guide radiologists, radiation oncologists and referring physicians in making decisions regarding radiologic imaging and treatment.  Generally, the complexity and 
severity of a patient's clinical condition should dictate the selection of appropriate imaging procedures or treatments.  Only those exams generally used for evaluation of the patient's condition are ranked.  
Other imaging studies necessary to evaluate other co-existent diseases or other medical consequences of this condition are not considered in this document.  The availability of equipment or personnel may 
influence the selection of appropriate imaging procedures or treatments.  Imaging techniques classified as investigational by the FDA have not been considered in developing these criteria; however, study 
of new equipment and applications should be encouraged.  The ultimate decision regarding the appropriateness of any specific radiologic examination or treatment must be made by the referring physician 
and radiologist in light of all the circumstances presented in an individual examination.    

ACR Appropriateness Criteria® 5 Shortness of Breath 

25. Pedersen F, Raymond I, Mehlsen J, Atar D, Hildebrandt PR. 
Prevalence of diastolic dysfunction as a possible cause of dyspnea 
in the elderly. Am J Med 2005; 118(1):25-31. 

26. Pierard LA, Lancellotti P. The role of ischemic mitral regurgitation 
in the pathogenesis of acute pulmonary edema. N Engl J Med 
2004; 351(16):1627-1634. 

27. Shah PM, Pai RG. Diastolic heart failure. Curr Probl Cardiol 
1992; 17(12):781-868. 

28. Silvestri GA, Mahler DA. Evaluation of dyspnea in the elderly 
patient. Clin Chest Med 1993; 14(3):393-404. 

29. Taylor AJ, Bergin JD. Noninvasive assessment of systolic and 
diastolic function. Important clues to differentiating types of 
congestive heart failure. Postgrad Med 1993; 94(3):55-58, 63-57, 
70. 

30. Wang CS, FitzGerald JM, Schulzer M, Mak E, Ayas NT. Does this 
dyspneic patient in the emergency department have congestive 
heart failure? JAMA 2005; 294(15):1944-1956. 

31. Wong M, Johnson G, Shabetai R, et al. Echocardiographic 
variables as prognostic indicators and therapeutic monitors in 
chronic congestive heart failure. Veterans Affairs cooperative 
studies V-HeFT I and II. V-HeFT VA Cooperative Studies Group. 
Circulation 1993; 87(6 Suppl):VI65-70. 

32. Woodring JH. Pulmonary artery-bronchus ratios in patients with 
normal lungs, pulmonary vascular plethora, and congestive heart 
failure. Radiology 1991; 179(1):115-122. 

33. Zaret BL, Wackers FJ. Nuclear cardiology (2). N Engl J Med 1993; 
329(12):855-863. 

34. Zeldis SM. Dyspnea during pregnancy. Distinguishing cardiac 
from pulmonary causes. Clin Chest Med 1992; 13(4):567-585. 

 
 


	American College of Radiology ACR Appropriateness Criteria®
	Clinical Condition: Shortness of Breath—Suspected Cardiac Origin

	Summary of Literature Review
	Radiograph
	Echocardiography
	Radionuclide Imaging
	Computed Tomography
	Magnetic Resonance Imaging
	Invasive Techniques

	Summary
	Relative Radiation Level Information
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


