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ABSTRACT

Objective: The purpose of this study was to determine the prevalence of bicuspid aortic valves
(BAVs) and thoracic ascending aortic aneurysms (TAAs) in a retrospective cohort of patients trea-
ted for intracranial aneurysms (IAs).

Methods: Patients treated for IA at our institution between 2002 and 2011 were identified and
their clinical records reviewed. Those without an echocardiogram of sufficient quality to assess
the aortic valve were excluded. The prevalence of BAVs and TAAs in this remaining cohort was
determined based on echocardiography reports, medical records, and cross-sectional chest
imaging.

Results: Of 1,047 patients, 317 had adequate echocardiography for assessment of BAV. Of
these, 82 also had cross-sectional chest imaging. Of the 317 patients, 2 had BAV and 15 had
TAA. The prevalence of BAVs (0.6%, 95% confidence interval 0.2%–2.2%) was similar to pop-
ulation prevalence estimates for this condition; however, the prevalence of TAAs (4.7%, 95%
confidence interval 2.9%–7.6%) was larger than expected in a normal age- and sex-matched
population.

Conclusions: Our data demonstrate an association between IA and TAA, but not independently for
BAV. Neurology® 2015;84:46–49

GLOSSARY
BAV 5 bicuspid aortic valve; CI 5 confidence interval; IA 5 intracranial aneurysm; TAA 5 thoracic aortic aneurysm; TEE 5
transesophageal echocardiogram; TTE 5 transthoracic echocardiogram.

The prevalence of intracranial aneurysms (IAs) in the general population is approximately 2% to
3%.1 Recently, among 61 patients with bicuspid aortic valves (BAVs), 6 (9.8%) were found to
harbor IAs.2 This raises the possibility that patients with BAV should be screened for IA.
However, this would have important and potentially costly consequences for the care of patients
with BAV, who comprise approximately 1% to 2% of the general population.3

Among the 6 patients with BAV, 5 also harbored a thoracic aortic aneurysm (TAA), raising
the possibility that the association between BAV and IA was mediated by their common asso-
ciation with TAA. BAV is known to be associated with a significantly higher rate of aortic com-
plications, including TAA, which increases in prevalence after diagnosis of BAV to greater than
20%.4 Similarly, IA has been found to associate with aortic conditions, including coarctation of
the aorta5 and TAA.6 Familial clustering and genetic linkage of aortic aneurysms and IAs have
also been reported.7–9 The purpose of this study was to test the hypothesis that the reported
association between BAVs and IAs might instead be related to their common association with
TAAs, by measuring the prevalence of TAAs and BAVs retrospectively in a large cohort of
patients harboring a known IA.

METHODS Standard protocol approvals, registrations, and patient consents. Data collection was approved by the Wash-

ington University School of Medicine institutional review board. Informed consent was waived because of the retrospective nature of

this study.
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Patients. We reviewed records for 1,047 patients consecutively

treated for ruptured or unruptured nonmycotic IA at our institu-

tion between 2002 and 2011. Among these, we identified 317 pa-

tients with an echocardiogram, transthoracic (TTE) or

transesophageal (TEE), in our hospital medical records that was

sufficiently adequate to evaluate for BAV by report. TEE is more

sensitive than TTE for identification of BAV, but by a relatively

small amount (TEE 87% vs TTE 78%).10 Echocardiography was

performed for a variety of reasons in these patients, typically not

in relation to their IA; no specific reason such as heart failure or

syncope was more frequently seen than expected. Presence of

BAV or TAA was determined by the echocardiogram report.

When BAV or TAA was suspected, available echocardiogram

images were reviewed for accuracy.

Among the 317 patients, we identified 82 patients who had

chest CT in our medical records obtained for any reason; as for

echocardiography, indications varied widely and no specific trend

was identified. One of the authors reviewed these CTs and mea-

sured the largest diameter of the thoracic ascending aorta using

multiplanar reconstruction without knowledge of the presence

of TAA based on echocardiography.11,12 In these patients, TAA

was defined according to established age- and sex-matched nomo-

grams.11 Thus, TAA presence in the total 317 patient cohort was

defined as (1) TAA on echocardiogram report, (2) history of

repaired TAA, or (3) TAA based on chest CT measurements.

In cases when an unrepaired TAA was identified by either echo-

cardiography or chest CT, but absent on the other, chest CT was

preferentially used to define the presence of TAA given its ability

to more completely evaluate the aorta.13 History of hypertension

or smoking was also assessed among these 82 individuals without

knowledge of TAA status.

Confidence intervals (CIs) and comparisons between groups

for subarachnoid hemorrhage, hypertension, smoking status,

sex, and age were assessed by 2-sided proportion CIs, x2 test,

and Student t test, as implemented in the R statistical package

(http://www.R-project.org).

RESULTS Patient characteristics and prevalence of
BAVs and TAAs are shown in table 1 and figure 1.
Prevalence of BAVs in the total cohort was 0.6%
(95% CI 0.2%–2.2%). Prevalence of TAAs in the
total cohort was 4.7% (95% CI 2.9%–7.6%). The
2 patients with BAV also had TAA, and one of the 2
had stented coarctation of the aorta. Another patient
with TAA did not have BAV but also had stented
coarctation of the aorta. Subarachnoid hemorrhage
occurred in one of the 2 patients with BAV. Among
patients with TAA, subarachnoid hemorrhage
occurred in 6 patients (40% vs 55%, 2-tailed t test,
p . 0.20).

Among the 82 patients with chest CT, 11 (13.4%,
95% CI 7%–23%) had TAA based on age- and sex-
matched nomograms, more than expected (p, 0.03)
(figure 2); the use of body-surface-area–based nomo-
grams for these patients did not disqualify any as hav-
ing TAA.12 Males were more likely to have a TAA
(p , 0.01). Patients with TAA were also more likely
to have hypertension (11/11 vs 49/71, p5 0.03), but
not smoking history (p 5 0.40). No significant dif-
ference in subarachnoid hemorrhage or age was seen
between those with and without TAA.

DISCUSSION Our data demonstrate increased preva-
lence of TAAs but not BAVs in this retrospective cohort
of patients treated for IAs. The study by Schievink
et al.,2 which demonstrated an increased prevalence of
IAs in patients with BAVs, may have been biased to
show this association because 5 of the 6 patients with
BAV and IA also had TAA; excluding patients with
TAA, only one of their 24 patients with BAV had IA.

Table 1 Patient characteristics in the total cohort and patients with TAA

Total cohort (N 5 317) TAA-positive (n 5 15)

Age, y, mean 6 SD 60 6 15 58 6 18

Female sex 237 (70%–79%) 6 (17%–67%)a

Subarachnoid hemorrhage 173 (49%–60%) 6 (17%–67%)

Bicuspid aortic valve 2 (0%–2%) 2 (2%–42%)a

Aortic coarctation 2 (0%–2%) 1 (0%–3%)

TAA 15 (3%–8%) NA

Chest CT 82 11

Abbreviations: NA 5 not applicable; TAA 5 thoracic aortic aneurysm.
Data are n (proportion) unless otherwise indicated.
a Significantly different (p , 0.05, corrected).

Figure 1 Flowchart of case evaluation and prevalence ascertainment

BAV 5 bicuspid aortic valve; IA 5 intracranial aneurysm; TAA 5 thoracic aortic aneurysm.
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Similarly, the prevalence of BAVs in our study is near
that found in a normal population (1%–2%),14 and
both of the patients with BAV in our study also had

TAA. Another recent report also found BAV in only
1 of 56 patients (1.8%) presenting with subarachnoid
hemorrhage.15

TAA, however, was associated with IA in our study.
While prior estimates of TAAs in the general popula-
tion have greatly varied (,1%–4.2%),11,12,16,17 these
estimates are lower than the TAA prevalence in our
cohort and are outside the 95% proportion CI for
TAA prevalence among the 82 patients with chest
CT (7%–23%). The increased prevalence of TAAs
in patients with IAs is consistent with prior studies
(table 2).

The association between IA and TAA may be
attributable to heritable and environmental factors.
In particular, all of the patients with IA in this study
identified by chest CT to have TAA also had hyper-
tension, suggesting that this is likely a common etio-
logic factor for IA and TAA. Familial co-occurrence
of TAA and IA also suggests a common genetic pre-
disposition.7 Polymorphisms in certain genes, e.g.,
those related to collagen and transforming growth
factor b receptors, confer increased risk of cerebral
and aortic aneurysms, as documented in a recent
comprehensive review.18 Genetic testing in young
patients with aortic aneurysms or family history of
aortopathies is occurring more frequently; similar
testing may soon find a place in patients with IAs.

These results suggest that screening for BAVs in
patients with IAs, or for IAs in patients with BAVs,
is not warranted. Screening for TAAs in patients with
IAs or IAs in patients with TAAs may be appropriate
in a select population, although further study would
be required to determine the subgroup of patients
in whom such screening would be beneficial.

This study has several limitations. Retrospective
selection of patients who underwent echocardiogra-
phy may bias toward a larger prevalence of aortic dis-
ease. Conversely, the sensitivity of echocardiography
is modest for BAV and TAA, and a minority of pa-
tients had chest CT, potentially causing us to under-
estimate the true prevalence of BAVs and TAAs.
Despite using CT-defined age- and sex-based nomo-
grams, the true prevalence of TAAs in a comparable
normal population is unclear and varies according

Figure 2 Increased prevalence of TAA as measured by chest CT in 82 patients
with IA

Thoracic aortic diameters (open circles) of 82 patients (A: females; B: males) are demonstrated as
a function of age. Expectedmean (black line) and 95%confidence interval (red lines) thoracic aor-
tic diameters according to age are derived frompreviously established sex-specific nomograms.11

Several thoracic aortic diameters fall above the 95% confidence interval (n 5 11, 13.3%, more
than expected, p, 0.03), showing that there is an increased prevalence of TAA in this cohort of
82 patients with IA. IA 5 intracranial aneurysm; TAA 5 thoracic aortic aneurysm.

Table 2 Studies investigating prevalence of IA in patients with TAA, or vice versa

Prevalence of IA in patients with TAA Study type TAA IA IA, %

Reference 2 Prospective 37 5 13.5

Reference 6 Retrospective 52 9 17.3

Reference 6 Prospective 160 10 6.3

Prevalence of TAA in patients with IA Study type IA TAA TAA, %

Present study Retrospective 317 15 4.7

Reference 9 Retrospective 359 17 4.7

Abbreviations: IA 5 intracranial aneurysm; TAA 5 thoracic aortic aneurysm.
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to the technique used. For clinical purposes, it is com-
mon to diagnose TAA when a diameter exceeds 4.0
cm, which was the case in most but not all the pa-
tients identified to have TAA by chest CT in this
study. A prospective trial in patients with IAs and
control subjects using imaging focused for evaluating
TAAs and BAVs would surmount these issues.

AUTHOR CONTRIBUTIONS
Manu S. Goyal: drafting/revising the manuscript, study concept or

design, analysis or interpretation of data, accepts responsibility for con-

duct of research and will give final approval, acquisition of data, statistical

analysis, study supervision. Ravi Gottumukkala: drafting/revising the

manuscript, analysis or interpretation of data, accepts responsibility for

conduct of research and will give final approval, acquisition of data.

Sanjeev Bhalla: drafting/revising the manuscript, study concept or design,

accepts responsibility for conduct of research and will give final approval.

Andrew Kates: drafting/revising the manuscript, study concept or design,

analysis or interpretation of data, accepts responsibility for conduct of

research and will give final approval. Gregory Zipfel: drafting/revising

the manuscript, study concept or design, analysis or interpretation of

data, accepts responsibility for conduct of research and will give final

approval. Colin Derdeyn: drafting/revising the manuscript, study concept

or design, analysis or interpretation of data, accepts responsibility for con-

duct of research and will give final approval.

ACKNOWLEDGMENT
The authors thank Dr. Alan Braverman for helpful discussions in prepar-

ing the manuscript. The authors also thank their anonymous reviewers

who helped to improve the final manuscript.

STUDY FUNDING
No targeted funding reported.

DISCLOSURE
The authors report no disclosures relevant to the manuscript. Go to

Neurology.org for full disclosures.

Received March 15, 2014. Accepted in final form September 18, 2014.

REFERENCES
1. Rinkel GJ, Djibuti M, Algra A, van Gijn J. Prevalence and

risk of rupture of intracranial aneurysms: a systematic

review. Stroke 1998;29:251–256.

2. Schievink WI, Raissi SS, Maya MM, Velebir A. Screening

for intracranial aneurysms in patients with bicuspid aortic

valve. Neurology 2010;74:1430–1433.

3. Roger VL, Go AS, Lloyd-Jones DM, et al. Heart disease and

stroke statistics—2011 update: a report from the American

Heart Association. Circulation 2011;123:e18–e209.

4. Michelena HI, Khanna AD, Mahoney D, et al. Incidence

of aortic complications in patients with bicuspid aortic

valves. JAMA 2011;306:1104–1112.

5. Connolly HM, Huston J III, Brown RD Jr, Warnes CA,

Ammash NM, Tajik AJ. Intracranial aneurysms in patients

with coarctation of the aorta: a prospective magnetic

resonance angiographic study of 100 patients. Mayo Clin

Proc 2003;78:1491–1499.

6. Kuzmik GA, Feldman M, Tranquilli M, Rizzo JA,

Johnson M, Elefteriades JA. Concurrent intracranial and

thoracic aortic aneurysms. Am J Cardiol 2010;105:417–

420.

7. Kim DH, Van Ginhoven G, Milewicz DM. Familial

aggregation of both aortic and cerebral aneurysms: evi-

dence for a common genetic basis in a subset of families.

Neurosurgery 2005;56:655–661.

8. Helgadottir A, Thorleifsson G, Magnusson KP, et al. The

same sequence variant on 9p21 associates with myocardial

infarction, abdominal aortic aneurysm and intracranial

aneurysm. Nat Genet 2008;40:217–224.

9. Kuzmik GA, Gunel M, Bulsara K, Tranquilli M,

Elefteriades JA. Intracranial aneurysm patients may harbor

thoracic aortic aneurysms. In: Aortic Symposium 2012.

New York: American Association of Thoracic Surgeons;

2012.

10. Espinal M, Fuisz AR, Nanda NC, Aaluri SR, Mukhtar O,

Sekar PC. Sensitivity and specificity of transesophageal

echocardiography for determination of aortic valve mor-

phology. Am Heart J 2000;139:1071–1076.

11. Hager A, Kaemmerer H, Rapp-Bernhardt U, et al. Diam-

eters of the thoracic aorta throughout life as measured with

helical computed tomography. J Thorac Cardiovasc Surg

2002;123:1060–1066.

12. Lin FY, Devereux RB, Roman MJ, et al. Assessment of the

thoracic aorta by multidetector computed tomography:

age- and sex-specific reference values in adults without

evident cardiovascular disease. J Cardiovasc Comput To-

mogr 2008;2:298–308.

13. Elefteriades JA, Farkas EA. Thoracic aortic aneurysm clin-

ically pertinent controversies and uncertainties. J Am Coll

Cardiol 2010;55:841–857.

14. Braverman AC, Guven H, Beardslee MA, Makan M,

Kates AM, Moon MR. The bicuspid aortic valve. Curr

Probl Cardiol 2005;30:470–522.

15. Shaulov A, Leibowitz D, Rott D. Prevalence of bicuspid

aortic valve in patients presenting with subarachnoid hem-

orrhage related to an intracerebral aneurysm. Int J Cardiol

2012;157:142–143.

16. Svensjo S, Bengtsson H, Bergqvist D. Thoracic and tho-

racoabdominal aortic aneurysm and dissection: an investi-

gation based on autopsy. Br J Surg 1996;83:68–71.

17. Palmieri V, Bella JN, Arnett DK, et al. Aortic root dilata-

tion at sinuses of Valsalva and aortic regurgitation in

hypertensive and normotensive subjects: the Hypertension

Genetic Epidemiology Network Study. Hypertension

2001;37:1229–1235.

18. Southerland AM, Meschia JF, Worrall BB. Shared associ-

ations of nonatherosclerotic, large-vessel, cerebrovascular

arteriopathies: considering intracranial aneurysms, cervical

artery dissection, moyamoya disease and fibromuscular

dysplasia. Curr Opin Neurol 2013;26:13–28.

Neurology 84 January 6, 2015 49

http://neurology.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 1
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /TheCowboyFont
  ]
  /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 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000410064006f00620065002000500044004600200064006f00630075006d0065006e0074007300200066006f0072000a002000200020002000200020002000200020002000200020002000200020002000200020002000200020002000200020005100750065006200650063006f007200200057006f0072006c00640020004d00690064006c0061006e0064>
  >>
  /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


