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Imaging of aortic abnormalities

with contrast-enhanced ultrasound. A pictorial

comparison with CT

Abstract Aortic abnormalities are
commonly encountered and may
represent a diagnostic challenge in
patients with acute or chronic clinical
symptoms. Contrast-enhanced ultra-
sound (CEUS) with low mechanical
index (low MI) is a new promising
method in the diagnosis and follow-up
of pathological aortic lesions. CEUS
with SonoVue allows a more rapid and

noninvasive diagnosis, especially in
critical patients because of its bedside
availability. This review compares
CEUS findings with those documen-
ted on computed tomography angiog-
raphy (CTA), allowing the reader to
appreciate the usefulness of CEUS in
this clinical situation.
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Introduction

Owing to its availability, safety and low cost, conventional
ultrasound is the most widely used imaging modality in
routine clinical practice worldwide. Its limitations, how-
ever, in the detection of aortic lesions versus CTA are well
recognized [1, 2].

Direct comparison of unenhanced ultrasound with
contrast-enhanced CTA is probably inappropriate given
the fact that without contrast enhancement the performance
of CT may well be equal or even inferior to that of
ultrasound. The introduction of microbubble ultrasound
contrast might be a way of bridging the gap between these
modalities.

Recent articles have described the use of contrast-
enhanced ultrasound (CEUS) for endoleak detection after
aortic stent graft repair [3–5] and for diagnosis of ruptured
abdominal aortic aneurysm [6].

Rapid advances in imaging techniques combined with
the development of a new generation of contrast agents
have improved the clinical applications of ultrasound.
CEUS is a relatively new, accurate, time- and cost-effective
and minimally invasive tool for the detection of aortic
lesions such as ruptured aortic aneurysms. It overcomes
most limitations of conventional ultrasound and shows
good correlation with CTA.

Abdominal aortic abnormalities may present acutely
with pain and signs of hemorrhage including hypotension,
tachycardia, cold extremities, hematemesis, hematochezia
or melena. Initial presentation however can vary from mild
discomfort to hypotensive shock. The term acute aortal
disorder includes aneurysm rupture, dissection, acute
occlusion, traumatic injury, postoperative complications
and aortocaval fistula. Understanding the scope of acute
abdominal aortic pathology helps to expedite the rapid-
imaging evaluation and diagnosis of these frequently life-
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threatening conditions. We describe in this pictorial review
aspects of aortic pathology encountered in clinical practice
and compare CEUS assessment with CTA in order to
demonstrate the usefulness of CEUS.

CEUS technique

Technical developments over the past decade have focused
on different microbubble consistencies and effective
methods of detection of their nonlinear signals. The low
mechanical index (MI, 0.15–0.19) allows production of
real-time gray-scale images [7]. Contrast-specific tech-
niques use a low applied acoustic pressure to produce
images based on nonlinear acoustic interaction between the
ultrasound system and stabilized microbubbles. These
microbubbles oscillate and resonate, giving continuous
contrast enhancement to gray-scale images [7, 8].

A recent advance in improved contrast imaging is the
Cadence™ contrast pulse sequencing (CPS) technology on
the Siemens ACUSON (Mountain View, CA) Sequoia™
512. The detection technique harnesses nonlinear micro-
bubble energy discovered within the same fundamental
frequency band as the transmitted pulses of sound and thus
offers improved sensitivity. Furthermore this technology
supports more effective high-frequency imaging and a
colorized differentiation of micro- and macrovasculature
[9, 10].

SonoVue (Bracco, Milan) is a second-generation con-
trast agent consisting of stabilized microbubbles of sulfur
hexafluoride gas, which is eliminated through the respira-
tory system. It is of low solubility, innocuous, isotonic with
human plasma, and devoid of antigenic potential, as it does
not contain any proteinaceous material [11]. The required
dose of the contrast agent is still not well defined. The

recommended dose for a single injection is 1.6–2.4 ml to
improve the detection ability of contrast enhancement [5,
11]. In our series, no side effects related to SonoVue were
observed.

Abdominal aortic aneurysm (AAA)

An abdominal aortic aneurysm (AAA) is defined as a focal,
irreversible dilatation of the abdominal aorta greater than
3 cm (Fig. 1) [12]. Ruptured AAAs are the tenth leading
cause of death in men over 55 years of age [13].

Rupture of an abdominal aneurysm requires immediate
recognition and prompt treatment. Untreated patients have
a fatal outcome, whereas patients with surgical repair
recover in 30–65% of cases [14, 15]. Stable patients may
deteriorate rapidly and delayed surgery carries lower
survival [15]. Therefore minimizing the time spent on
preoperative investigation is crucial. Most authors agree
that subjects with typical symptoms should not undergo
prolonged investigation and that emergency US should be
the initial diagnostic step [6, 15, 16]. Worldwide, US is
used for primary screening of abdominal aortic aneurysm
and blunt abdominal trauma [17]. Stable patients with
questionable, possibly contained ruptures are usually
imaged with contrast-enhanced CTA [6]. Sonography
has been proven to be an accurate and consistent method
of ruling out aneurysm, with a sensitivity of 95–98%
[12, 18–20].

Some authors have suggested that a proper clinical
setting (hypotension, back or abdominal pain and pulsatile
mass) and a 1-min sonography examination in the emer-
gency department will allow the recognition of an aneu-
rysm in 97% of the patients and is enough to bring the
patient to the operating theater [20].

Fig. 1 Aortic aneurysm visual-
ized by CEUS (a) and CTA (b).
Perfused lumen (white arrow)
framed by thrombotic material
(yellow arrow)
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Fig. 2 B-scan imaging
(a) of a covered abdominal
aortic rupture (yellow arrows)
with periaortic hematoma
(red arrows). CEUS showed
no contrast extravasation over
more than 30 s (b–d)

Fig. 3 Same patient as Fig. 2.
CTA in sagittal (a, b) and axial
(c, d) planes demonstrating a
covered abdominal aortic rup-
ture (yellow arrows) with peri-
aortic hematoma (red arrows).
No contrast extravasation could
be detected
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However, conventional US has some limitations in
imaging patients with ruptured abdominal aneurysm
because, e.g., retroperitoneal hematomas are not always
detected and there is no direct feature of rupture itself [20].

Contrast-enhanced sonography can overcome some of
these limitations. CEUS can detect several signs of rupture
including delayed lumen wash-in and wash-out, enhance-
ment of the aneurysmal wall and contrast extravasation
(Figs. 2 and 3) [6]. Catalano et al. reported identifying
specific features of ruptured aortic aneurysms without
causing any delay in surgery. The technique might be as
effective as CTA, and allows a more rapid and noninvasive
diagnosis because of its bedside availability [6].

Aorto-caval fistulas

Aorto-caval fistulas are a rare complication of infrarenal
aortic aneurysms having a frequency of less than 1% of all
abdominal aortic aneurysms [21, 22]. Spontaneous rupture
into the inferior vena cava (IVC) has an overall prevalence
of 3–6% [23–25]. Especially infrarenal aortic aneurysms
with the involvement of the right iliac artery seem to be
associated with a higher risk for perforation into the inferior
cava vein. Preoperative recognition is of importance
because heart failure from over-transfusion, inadequate or
misplaced incisions, major blood loss and pulmonary
embolization of aneurismal debris through the fistula can
occur. Typical clinical symptoms of aorta-caval fistulas are
acute abdominal pain, rapid cardiac decompensation with
dyspnea and an audible machinery-like bruit. In addition

tachycardia, peripheral edema, constricted renal function
and hematurea can be present [26, 27]. However in stable
circulation with a small fistula volume, clinical symptoms
might be marginal.

Syme et al. was the first to report an aorto-caval fistula in
combination with an abdominal aortic aneurysm in 1831
[28]. Over 90% of aorto-caval fistulas are associated with
atherosclerotic abdominal aortic aneurysms in western
Europe. Iatrogenic aorto-caval fistulas are not that common
with a prevalence of 2–5%.

Untreated aorto-caval fistulas can cause rapid cardio-
pulmonary decompensation depending on the fistula’s
volume [21, 24, 26].

Perioperative mortality of patients with abdominal aortal
aneurysms with the presence of aorto-caval fistulas under-
going open surgery is up to 20–60% [22, 23]. Additional
retroperitoneal rupture of the aneurysm considerably
increases the mortality.

The diagnosis is usually made by noninvasive testing,
such as US scanning, including CEUS (Fig. 4). The gold
standard for detecting and characterizing an aorto-caval
fistula today is CTA (Fig. 5). The precise site of the fistula,
loss of the fat plane and direct inflow of contrast material
from the aorta into the infrarenal inferior vena cava can be
identified [29].

Aortic dissections

Isolated abdominal aortic dissections are rare and are
much less common than abdominal dissection associated

Fig. 4 Aortocaval fistula
depicted by CEUS, showing the
aortic lumen (white arrows), the
inferior cava vein (red arrows)
and two different perfused fis-
tula “canals” (yellow arrows)
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with thoracic aortic dissection [30]. As with AAA,
hypertension is believed to be a major risk factor for
aortic dissection [31]. Cystic medial necrosis, associated

with Marfan syndrome, is another important etiology of
aortic dissections. Up to 5% of aortic dissections are
caused by intravascular catheterization and are usually

Fig. 5 CTA in sagittal (a, b)
and axial (c, d) planes demon-
strating the aortocaval fistula.
Only one perfused fistula canal
could be detected (yellow
arrow) between the aorta (white
arrows) and inferior vena cava
(red arrows)

Fig. 6 B-scan, aortic dissection
axial (a) and sagittal (b) plane
with pulsating membrane (yellow
arrow). Color Doppler perfusion
of both lumens. Differentiation
between true and false lumen
was not possible (c, d)
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located in the abdominal and descending thoracic aorta
[32].

Symptoms such as chest or abdominal pain, asymmetric
blood pressure and signs of branch vessel occlusion (i.e.,
mesenteric ischemia, renal symptoms), paraplegia or
hemiplegia are not universally present, and the clinical

manifestations may often overlap with other diseases that
patients bring to an emergency department [31, 33].
Clinical suspicion is important because up to 38% of
aortic dissections are missed on initial examination and up
to 28% of aortic dissections remain undetected until
autopsy [31, 33, 34].

Fig. 7 CEUS axial plane, de-
monstrating perfusion of true
(yellow arrow) and false (red
arrow) lumen (a, b). Early
contrast enhancement of true
lumen after 24 s (a)

Fig. 8 CEUS sagittal plane,
demonstrating perfusion of true
(yellow arrow) and false (red
arrow) lumen (a, b). Early
contrast enhancement of true
lumen after 27 s (a)
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With CEUS the true and false lumen can be clearly
distinguished, because both early (true lumen) and late
(false lumen) contrast flow can be detected. In addition the
pulsating membrane and re-entry of the dissection mem-
brane can be recognized. Even small membranes can easily
be detected (Figs. 6, 7, 8 and 9).

Endoleaks

Endoleaks represent the main complication after endovas-
cular aortic aneurysm repair (EVAR). They occur in up to
45% of the cases. Presence of an endoleak can cause
aneurysm enlargement and increased pressurization of the
thrombosed sac, which requires treatment to reduce the risk
of rupture [35, 36].

Over the years endoleak classification has changed.
Current classification describes endoleaks resulting from
incomplete sealing of the stent graft to the attachment sites
as type I endoleaks. Type II endoleaks are determined by
retrograde flow from aortic collateral vessels (usually a
vertebral artery). Type III endoleaks are caused by graft
disruption. Type IV endoleaks occur due to an abnormal
porosity of the graft structure [37, 38].

The most widely accepted imaging modality for follow-
up of patients after EVAR is biphasic CTA (Fig. 10) [39,

40]. However, CTA does not allow detection of some types
of endoleaks [39]. Several authors have pointed out the
usefulness of US because it seems to allow better
identification and characterization of endoleaks, with
analysis of velocity and flow direction [41–43]. US
contrast agents seem to increase US diagnostic accuracy

Fig. 9 Same patient as Figs. 6,
7 and 8. CTA in 3D recon-
structions (a, b) showing a long
aortic dissection (yellow ar-
rows). CTA in axial plane (c, d)
showing the right renal artery
perfused from the false lumen
(red arrows) and the true (white
arrows) and false lumen of the
aorta

Fig. 10 CTA axial plane demonstrating the right and left iliac
segment of the stent graft (red arrows) and the type III endoleak
(yellow arrow)
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substantially and have recently been applied in several
fields (Fig. 11). Their effectiveness in aiding in the
detection of endoleaks has recently been investigated, too
[3, 4].

Discussion

Compared to CTA, vascular ultrasound is often regarded as
a second-choice modality for detecting vascular disorders
such as dissection or arteriovenous fistulas. Nowadays,
however, ultrasound technology offers promising devel-
opments such as CEUS. CEUS represents a noninvasive,
fast, well-tolerated, reproducible, and apparently very
sensitive imaging modality [4, 44]. In our experience the
use of sonographic contrast agent tends to increase the
sensitivity of the ultrasound examination, overcoming
some of its limitations and improving the detectability of
blood flow within the vessels, with no need for complex
maneuvers and no discomfort for the patient.

Nonetheless, CEUS has some limitations. Obesity and
bowel gas can interfere with US scanning, and patient
compliance is always required. The equipment, including
the contrast agent, is highly specific, not yet widely

available, and expensive. The examination is operator-
dependent and requires specific skills and training. Finally,
CEUS may seem very sensitive in the depiction of per-
graft flow but is not appropriate for the evaluation of other
factors such as graft anchorage and integrity and changes
in aneurysm morphology, for which CTA is the modality
of choice [2, 39, 45]. However, CTA has some limitations,
such as potential contrast-agent allergy and nephrotoxicity,
radiation exposure and cost. One disadvantage of all
ultrasound methods is that they cannot cover all areas,
such as the thoracic aorta or intracranial area and thus,
for example, the true extent of dissection may be
underestimated.

Conclusion

Contrast-enhanced ultrasound with SonoVue enables the
detection and evaluation of aortic disorders. The main
advantage is its bedside availability. Additional informa-
tion such as perfusion from the true to the false lumen can
be obtained. In hemodynamically compromised patients in
particular, the bedside examination that is possible with
CEUS provides a good alternative to CTA.

Fig. 11 Same patient as Fig. 10.
B-scan (a) and color Doppler
(b) imaging demonstrating both
iliac segments of the stent graft
(red arrows). CEUS images in
axial sections (c, d) showing
right and left iliac segments of
the stent graft (red arrows) and a
type III endoleak (yellow arrow)

2998



References

1. Taylor KJ, Hilland S (1990) Doppler
US. Part 1. Basic principles, instru-
mentation and pitfalls. Radiology
174:297–307

2. Winkler P, Hemke K, Mahl M (1990)
Major pitfalls in Doppler investiga-
tions. Part II. Low flow velocities and
color Doppler applications. Pediatr
Radiol 20:304–310

3. Bargellini I, Napoli V, Petruzzi P, Cioni
R, Vignali C, Sardella S, Ferrari M,
Bartolozzi C (2004) Type II lumbar
endoleaks: hemodynamic differentia-
tion by contrast-enhanced ultrasound
scanning and influence on aneurysm
enlargement after endovascular aneu-
rysm repair. J Vasc Surg 41:10–13

4. Bendick PJ, Bove BG, Long GW,
Zelenock GB, Brown OW, Shanley CJ
(2003) Efficacy of ultrasound scan
contrast agents in the noninvasive
follow-up of aortic stent grafts. J Vasc
Surg 37:381–385

5. Napoli V, Bargellini I, Sardella SG,
Petruzzi P, Cioni R, Vignali C, Ferrari
M, Bartolozzi C (2004) Abdominal
aortic aneurysm: contrast-enhanced US
for missed endoleaks after endoluminal
repair. Radiology 233:217–225

6. Catalano O, Lobianco R, Cusati B,
Siani A (2005) Contrast-enhanced so-
nography for diagnosis of ruptured
abdominal aortic aneurysm. AJR
184:423–427

7. Bauer A, Solbiati L, Weissmann N
(2002) Ultrasound imaging with
SonoVue: low mechanical index
realtime imaging. Acad Radiol
9(Suppl 2):282–284

8. Lencioni R, Cioni D, Bartolozzi C
(2002) Tissue harmonic and contrast-
specific imaging: back to grey-scale in
ultrasound. Eur Radiol 12:151–161

9. Phillips PJ, Gardner E (2004) Contrast-
agent detection and quantification. Eur
Radiol 14(Suppl 8):4–10

10. Phillips PJ (2001) Contrast pulse
sequences (CPS): imaging nonlinear
microbubbles. IEEE Ultrasonic
Symposium 2:1739–1745

11. Greis C (2004) Technology overview:
SonoVue (Bracco, Milan). Eur Radiol
14(Suppl 8):11–15

12. Horejs D, Gilbert P, Burstein S,
Vogelzang R (1988) Normal aortoiliac
diameters by CT. J Comput Assist
Tomgr 12:602–603

13. Gallagher PJ (1999) Blood vessels. In:
Sternber SS (ed) Diagnostic surgical
pathology. Lippincott Williams & Wil-
kins, Philadelphia, pp 1256–1258

14. Jeffrey RB, Ralls PW (1996) CT and
sonography of the acute abdomen, 2nd
edn. Lippincott-Raven, Philadelphia

15. Miller J, Grimes P, Miller J (1999) Case
report of an intraperitoneal ruptured
abdominal aortic aneurysm diagnosed
with bedside ultrasonography. Acad
Emerg Med 4:661–664

16. Adam DJ, Bradbury AW, Stuart WP et
al (1998) The value of computed
tomography in the assessment of sus-
pected ruptured abdominal aortic an-
eurysm. J Vasc Surg 27:431–437

17. Bode PJ, Edwards MJ, Kruit MC, van
Vugt AB (1999) Sonography in clinical
algorithm for early evaluation of 1671
patients with blunt abdominal trauma.
AJR 172:905–911

18. Hendrickson RG, Dean AJ, Costantino
TG (2001) A novel use of ultrasound in
pulseless electrical activity: the diag-
nosis of an acute abdominal aortic
aneurysm rupture. AM J Emerg Med
21:141–145

19. Miller J, Miller J (1999) Small ruptured
abdominal aortic aneurysm diagnosed
by emergency physician ultrasound.
Am J Emerg Med 17:174–175

20. Shuman WP, Hastrup W, Kohler TR et
al (1988) Suspected leaking abdominal
aortic aneurysm: use of sonography in
the emergency room. Radiology
168:117–119

21. Abbadi AC, Deldime PP, Van Espen D,
Simon M, Rosoux P (1998) The spon-
taneous aortocaval fistula: a complica-
tion of the abdominal aortic aneurysm.
Case report and review of the literature.
J Cardiovasc Surg 39:433–436

22. Gilling-Smith GL, Mansfield AO
(1991) Spontaneous abdominal arterio-
venous fistula: report of eight cases and
review of the literature. Br J Surg
78:421–425

23. Davidovic LB, Kostic DM, Cvetkovic
SD et al (2002) Aorto-caval fistulas.
Cardiovasc Surg 10:555–560

24. Davis PM, Gloviczki P, Cherry KJ et al
(1998) Aorto-caval and ilio-iliac arte-
riovenous fistulae. Am J Surg 176:115–
118

25. Ghilardi G, Scorza R, Bartolini E,
de Monti M, Longhi F, Ruberti U
(1993) Rupture of abdominal aortic
aneurysms into major abdominal
veins. J Cardiovasc Surg 34:39–47

26. Brunkwall J, Länne T, Bergentz SE
(1999) Acute renal impairment due to a
primary aortocaval fistula is normalised
after a successful operation. Eur J Vasc
Endovasc Surg 17:191–196

27. Reckless JP, McColl T, Taylor GW
(1972) Aortocaval fistulae: an uncom-
mon complication of abdominal aortic
aneurysms. Br J Surg 59:461–462

28. Syme J (1831) Case of spontaneous
varicose aneurysm. Edin Med J
36:104–105

29. Rosenthal D, Atkins CP, Jerrius HS,
Clark MD, Matsuura JH (1998) Diag-
nosis of aortocaval fistula by computed
tomography. Ann Vasc Surg 12:86–87

30. Farber A, Wagner WH, Cossman DVet
al (2002) Isolated dissection of the
abdominal aorta: clinical presentation
and therapeutic options. J Vasc Surg
36:205–210

31. Spittell PC, Spittel J Jr, Joyce JW
(1993) Clinical features and differential
diagnosis of aortic dissection: experi-
ence with 236 cases (1980–1990).
Mayo Clin Proc 68:642–651

32. Archer AG, Choyke PL, Zeman RK,
Green CE, Zuckerman M (1986) Aortic
dissection following coronary artery
bypass surgery: diagnosis by CT.
Cardiovasc Intervet Radiol 9:142–145

33. Khan IA, Nair CN (2002) Clinical,
diagnostic and management perspec-
tives of aortic dissection. Chest
122:311–328

34. Hagan PG, Nienaber CA, Isselbacher
EM et al (2000) The International
Registry of Acute Aortic Dissection
(IRAD): new insights into an old
disease. JAMA 283:897–903

35. Veith FJ, Baum RA, Ohki T et al (2002)
Nature and significance of endoleaks
and endotension: summary of opinions
expressed in an international confer-
ence. J Vasc Surg 35:461–473

36. Bernhard VM, Mitchell RS, Matsumura
JS et al (2002) Ruptured abdominal
aortic aneurysm after endovascular re-
pair. J Vasc Surg 35:1155–1162

37. White GH, May J, Waugh RC, Yu W
(1998) Type I and type II endoleaks: a
more useful classification for reporting
results of endoluminal AAA repair. J
Endovasc Surg 5:189–191

38. White GH, May J, Waugh RC,
Chaufour X, Yu W (1998) Type III and
type IV endoleaks: toward a complete
definition of blood flow in the sac after
endoluminal AAA repair. J Endovasc
Surg 5:305–309

39. Thurnher S, Cejna M (2002) Imaging
of aortic stent-grafts and endoleaks.
Radiol Clin North Am 40:799–833

40. Glozarian J, Dussaussois L, Abada
HAT et al (1998) Helical CT of aorta
after endoluminal stent-graft therapy:
value of biphasic acquisition. AJR
171:329–331

2999



41. D’Audiffret A, Desgranges P, Kobeiter
DH, Becquemin JP (2001) Follow-up
evaluation of endoluminally treated
abdominal aortic aneurysm with duplex
ultrasonography: validation with
computed tomography. J Vasc Surg
33:42–50

42. McLafferty RB, McCrary BS, Mattos
MA et al (2002) The use of color-flow
duplex scan for detection of endoleaks.
J Vasc Surg 36:100–104

43. Greenfield AL, Halpern EJ, Bonn J,
Wechsler RJ, Kahn MB (2002) Appli-
cation of duplex US for characteriza-
tion of endoleaks in abdominal aortic
stent-grafts: report of five cases.
Radiology 225:845–851

44. McWilliams RG, Martin J, White D,
Gould DA, Rowlands PC, Haycox A et
al (2002) Detection of endoleaks with
enhanced ultrasound imaging compari-
son with biphasic computed tomogra-
phy. J Endovasc Ther 9:170–179

45. Thompson MM, Boyle JR, Hartshorn T
et al (1998) Comparison of computed
tomography and duplex imaging in
assessing aortic morphology following
endovascular aneurysm repair. Br J
Surg 85:346–350

3000


	Imaging of aortic abnormalities with contrast-enhanced ultrasound. A pictorial comparison with CT
	Abstract
	Introduction
	CEUS technique
	Abdominal aortic aneurysm (AAA)
	Aorto-caval fistulas
	Aortic dissections
	Endoleaks
	Discussion
	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


