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Abstract
Since antiquity, the interaction of brain and heart has inspired physicians and philosophers. Today, our knowledge has
vastly improved, but the exact way of their interaction still holds many secrets to reveal. The interaction between brain
and heart merits particular attention in the aftermath of a sudden injury to the brain-like acute ischemic stroke (AIS). This
narrative review gives an overview of current knowledge on frequency, prognosis, and potential pathophysiological
mechanisms of myocardial injury following AIS.
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Preface

“Tell me where is fancy bred, or in the heart or in the head”

The Merchant of Venice, Act III, Scene 2, William

Shakespeare

Introduction

Diseases of the heart and the brain are closely entangled.

Vascular diseases of both organs share the same risk fac-

tors. Pathophysiology of atherosclerotic vascular heart and

brain diseases overlap and many therapeutic strategies are

similar. Moreover, at least one in five ischemic strokes

originates from the heart.1,2 These so-called cardioembolic

strokes may be caused by a variety of heart conditions

including but not limited to atrial fibrillation, intracardiac

thrombus, prosthetic cardiac valve, recent (<4 weeks) myo-

cardial infarction, reduced ejections fraction, or endocardi-

tis.3 Cardiac work-up constitutes a cornerstone for tailoring

the optimal secondary stroke prevention strategy.2,4 In

many circumstances, ischemic stroke can be considered the

complication of cardiac disease.

On the other hand, it is less widespread knowledge that

stroke may harm the heart. Following stroke, one may

observe myocardial injury, acute coronary events, left

ventricular dysfunction, and arrhythmias. These cardiac

complications following acute ischemic stroke (AIS) have

been termed “stroke–heart syndrome.” The stroke–heart

syndrome has recently attracted much attention and put a

spotlight back on a long-lasting history of mutual involve-

ment of heart and brain.5,6 This narrative review gives an

overview on myocardial injury after AIS.

History

The interaction between heart and brain looks back on a

history of millenniums. About 300 B.C., the antique Greek

philosopher Aristotle and his followers had propagated a

powerful cardiocentric theory: This teaching was based on
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the assumption that the origins of consciousness, motion,

and sensation were located in the heart. In opposition to

this, Galen, a Greek physician practicing during the second

century of our era in Rome, suggested a brain-centered

understanding of neuropsychiatric symptoms. The dispute

was negotiated throughout the middle ages. Scholastic phy-

sicians and philosophers tried to solve this brain–heart dis-

pute. They tried to reconcile two great minds with each

other. The conclusion was that stroke would begin in the

brain but would terminate in the heart.7,8

The perception of acute stroke beginning in the brain

and terminating in the heart seems strikingly modern, if we

have a look at recent research. Growing evidence supports

the notion that stroke can cause damage to the heart.5,6,9

Myocardial injury after AIS

In the diagnostic work-up of ischemic stroke, cardiac diag-

nostic forms a cornerstone.1,2 Cardiac diagnostic is essen-

tial to clarify stroke etiology and the optimal prevention

strategy of stroke recurrence. In addition to prevention of

recurrence, therapy strives to prevent other complications

like myocardial infarction and deaths. One in five deaths in

stroke patients has a cardiovascular cause. Cardiovascular

deaths are only the tip of the iceberg, as stroke is related to

an increased risk of nonfatal cardiac complications includ-

ing acute coronary syndrome (ACS), arrhythmias, and

ventricular dysfunction (takotsubo syndrome is an

example).5,6,10 The most serious complications after AIS

occur in the acute phase.11,12 The risk to experience severe

cardiac complications like takotsubo syndrome is propor-

tional to the severity of the neurological deficit.5,13

Cardiac troponin

An easy way to assess and quantify myocardial injury is the

measurement of cardiac troponin (cTn). cTn may indicate

cardiac complications at an early stage. cTn is highly spe-

cific to cardiomyocytes injury and allows to quantify myo-

cardial injury.14,15 Measuring cTn also conforms to the

current guidelines on early management of patients with

AIS. The guidelines advocate cTn assessment with a class

one level of recommendation that is based on sound meta-

analyses of observational data showing its predictive

power.16 The recommendation is also strong, because

timely identification of cardiac disease may prompt addi-

tional diagnostic tests and this, in turn, may lead to adjusted

therapy and finally improves outcomes.6 The proportion of

AIS patients exhibiting cTn elevation will depend on the

assay applied. If up-to-date, high-sensitivity assays are in

use, elevated cTn will be detectable in about 30–60% of

stroke patients.17,18 Elevated cTn in AIS is more common

in older patients. However, the prevalence of 30–60% is

much higher than would be expected from populations of

elderly individuals without acute stroke.6,19 Besides, cTn

elevation in AIS goes along with higher stroke severity,

known coronary heart disease, and impaired kidney func-

tion indicating comorbidities and worse premorbid status.

In the vast majority of patients with cerebrovascular events,

cTn elevation occurs in the absence of typical clinical cor-

onary symptoms (e.g. chest pain and dyspnea).20 In contrast

to the very frequent finding of cTn elevation in AIS, only

10% of AIS patients will exhibit left ventricular dysfunc-

tion. If left ventricular dysfunction is present, they are

strongly associated with elevated cTn.21 In contrast, up to

70–90% show pathological electrocardiogram (ECG) find-

ings.22,23 The most frequent ECG findings are repolariza-

tion changes and most of these ECG alterations are

transient and peak early after stroke.24 Importantly,

although transient, ECG alterations identify individuals at

risk for clinically relevant arrhythmias25 and have—in

part—been linked to cTn elevation.26,27

Prognosis

Cardiac cTn elevation indicates worse prognosis in AIS at

several aspects. First, elevated cardiac cTn is associated

with worse prognosis including higher inhospital mortality.

The association between elevated cTn and higher mortality

in stroke patients remains robust after 3, 12, and even up to

24 months after the event.18,28 With respect to prognosis,

adding high-sensitivity cTn (hs-cTn) to established scores

improved the precision of prediction.29 Further, in patients

with embolic stroke of undetermined source, elevated cTn

was associated with an increased risk for cardiovascular

events.30 Moreover, elevated hs-cTn was linked with

more severe matter lesions of the brain, suggesting silent

brain infarction as one possible link.31 This silent brain

damage of the white matter may well go along with

dementia. This notion is supported by an analysis of the

Prospective Cohort With Incident Stroke cohort that

found higher hs-cTn levels to be associated with higher

prevalence of cognitive impairment at the time of a first-

ever ischemic stroke and indicated lower cognitive status

during 3-year follow-up.32

Potential mechanisms

In the acute phase, physicians may be wary not to miss

acute myocardial infarction (AMI). The higher the levels

of cTn and their dynamic rise or fall pattern, the greater the

odds that the cause is an AMI.6,33 AMI would typically be

accompanied by a dynamic change of cTn of greater than

20%, new ischemic ECG changes, imaging evidence of

new loss of viable myocardium or new regional wall

motion abnormalities, and identification of a coronary

lesion.33 A case illustration is given in Figure 1.

However, in two-thirds of AIS patients with elevated

cTn, serial measurements showed no relevant temporal

change in cTn levels.34 Although myocardial injury is a

prerequisite for the diagnosis of myocardial infarction, it

is also an entity of itself. Elevated cTn without dynamic
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change may indicate myocardial injury due to cardiac con-

ditions on the one hand (including myocarditis, heart fail-

ure, ventricular tachyarrhythmia, or cardiac procedures like

coronary revascularization, ablation, and defibrillation) but

may be associated with noncardiac conditions such as renal

failure, severe anemia, or respiratory failure, on the other.33

An overview of potential reasons for elevated cTn is given

in Table 1.

Echocardiographic findings like akinetic left ventricular

wall were not present in the majority of AIS patients.35

Proof of severe coronary lesions (namely “culprit lesions”)

was not found in about three of four AIS patients with

elevated cTn.36 Therefore, AMI will be the explanation

in a minority of AIS patients with cTn elevation only, and

more research is warranted to identify those AIS patients in

need of immediate coronary imaging as well as to under-

stand alternative explanations of myocardial injury in AIS.

Ongoing research will help to identify those patients in

need of extended and possibly invasive diagnostics.37

The alternative underlying mechanisms of cTn elevation

in the context of AIS are still poorly understood. In a first

step, stroke-associated myocardial injury may be differen-

tiated between those AIS patients with and without under-

lying heart disease.5,6,18 Both ischemic (i.e. ACS) and

nonischemic cardiac damage may lead to myocardial injury

in stroke patients.

One main nonischemic mediator (no coronary artery

obstruction) would be autonomic dysregulation as the heart

receives input from the central autonomic system that will

change heart rate and contractibility.5,6,38

Figure 1. Illustrating case.

Table 1. Reasons for elevated cTn indicating myocardial injury.33

Elevated cTn indicating acute myocardial ischemia
(nondynamic course)
� Acute coronary obstruction

Elevated cTn associated with imbalance of oxygen
supply/demand

Reduced myocardial perfusion
� Sustained bradyarrhythmia

� Hypotension or shock

� Respiratory failure

� Severe anemia

� Microvascular dysfunction

Increased myocardial oxygen demand
� Severe hypertension with or without left

� Sustained tachyarrhythmia

Myocardial injury due to other causes
Cardiac causes
� Heart failure

� Myocarditis

� Cardiomyopathy

� Takotsubo syndrome

� Cardiac procedures including ablation, revascularization,
and defibrillation

Systemic causes
� Sepsis and severe infection

� Renal failure

� Cerebral injury like stroke and subarachnoid hemorrhage

� Pulmonary embolism

� Chemotherapy

cTn: cardiac troponin.
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The role of central autonomic dysregulation is supported

by imaging studies. By using voxel-based lesion-symptom

mapping, Krause et al. demonstrated that (1) the relative

changes of elevated hs-cTn are significantly associated

with AIS lesions in the right-sided cerebral insular cortex

and (2) in contrast, the absolute (or baseline) hs-cTn values

acquired on admission did not show any relation to stroke

lesion location within the anterior circulation.39 The insular

cortex is regarded as an essential part of autonomic regu-

lation, particularly with respect to cardiac control.40,41 It

has also been proposed that insular damage might contrib-

ute to sudden cardiac death after stroke.42 Insular strokes

were linked to decreased heart rate variability43 and

arrhythmias like incident atrial fibrillation.27,44 In a selec-

tive insular AIS rat model, the most prominent myocardial

changes were found in the region of the atrial myocardium

with the highest density of sympathetic nerve endings.45

These observations argue in favor of dysregulated auto-

nomic cardiac control.

Mediation is not restricted to nervous autonomic con-

trol. The neuroendocrine hypothalamic–pituitary–adrenal

Axis (HPA) employing humoral pathways is involved. In

addition to elevated cTn levels, a release of serum catecho-

lamines has been observed in stroke patients. These ele-

vated stress hormone levels have been correlated with

stroke severity and extent of insular damage. Both elevated

serum catecholamine and serum cortisol levels express

involvement of the HPA.46 Indeed, stimulation of the

hypothalamus activates sympathetic output and may induce

electrocardiographic abnormalities, arrhythmias, and even

myocardial necrosis.47 Experimental animal studies have

demonstrated an increase in serum catecholamine levels

after ischemic stroke that was directly proportional to the

incidence of cardiac damage.48 Systematic release of cate-

cholamines from the adrenal glands is promoted via direct

autonomic sympathetic stimulation and via the humoral

hormones inherit to the HPA axis. This constitutes the basis

for the catecholamine surge hypothesis.49

The cardiac injury may be exacerbated by local and

systemic inflammatory responses due to stroke. Cytokines

are released acutely after stroke within the brain. Bone

marrow and spleen inflammatory coupling lead to systemic

inflammation. Release of interleukin-1, monocytes, and

neutrophils and activation of caspase-1 complex as well

as systemic release of catecholamines from the adrenal

glands all contribute to myocardial injury.49 Increased sym-

pathetic tone enhances the splenic inflammatory response

further. The mechanisms enhance one another.6 Figure 2

displays mechanisms of stroke-induced myocardial injury.

Diagnostic implications

While cTn measurement is advised by guidelines to prompt

further cardiac investigations, these guidelines remain

vague with respect to diagnostic and therapeutic conse-

quences in patients. Identifying AIS patients at high risk

for coronary events may be a prerequisite for better pre-

vention strategies in the future.37,50 Elevated baseline car-

diac cTn is associated with higher stroke severity, higher

creatinine, ST-segment depression, and inverted T waves,

but none of the factors was helpful to differentiate myocar-

dial infarction from autonomic cardiac dysregulation.51

Ancillary investigations may be needed to solve the differ-

ential diagnosis. Coronary angiography remains the gold

standard to diagnose extend and severity of coronary artery

disease. Besides, coronary angiography offers the opportu-

nity for invasive treatment. However, the 2020 European

Society of Cardiology guidelines for the management of

ACS consider coronary computed tomography angiogra-

phy an alternative to invasive angiography to exclude ACS

when there is a low-to-intermediate likelihood of coronary

artery disease and when cardiac cTn elevation and/or

dynamic are inconclusive.52 A detailed recommendation

on how to apply and interpret cTn elevation in the context

of AIS and when to use ECG, echocardiogram and coron-

ary angiography have been published recently.6,18,53 A pos-

sible workflow is displayed in Figure 3.

Apart from long-established diagnostics like ECG and

echocardiogram, noninvasive cardiac magnetic resonance

imaging (MRI) may provide helpful information to identify

stroke patients with or without ACS. Cardiovascular MRI

(CMR) was proven feasible in stroke patients and allowed

identification of systolic and diastolic dysfunction.54

Including contrast agent-based sequences, CMR enables

Figure 2. Myocardial injury may be mediated via three major entities.
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to detect late gadolinium enhancement (LGE). CMR allows

excellent tissue characterization and may identify and dif-

ferentiate vital myocardium, scaring (LGE), nonischemic

diffuse fibrosis (via T1 mapping), and edema (T2 map-

ping)/extracellular volume fraction (%).55 Therefore, one

can distinguish lesions consistent with myocardial infarc-

tion from nonischemic lesions.55,56 CMR was also used in a

subgroup of patients within the TRELAS study which had

quantified frequency of severe coronary lesions (so-called

culprit lesions) on coronary angiogram in AIS patients with

troponin elevation by assessors blinded to clinical informa-

tion.36 In this subgroup, patients who showed transmural

LGE on CMR all had corresponding culprit lesions diag-

nosed on their coronary angiograms while no patient with-

out transmural LGE had.57 Absence of MRI-detected LGE

may well indicate the absence of culprit lesions or signif-

icant coronary artery disease by coronary angiography. Of

note, CMR may add important information on stroke

mechanisms including embolic heart infarcts and

amyloidosis.55,58

Both CMR and coronary computed tomography angio-

graphy will help to differentiate between ischemic and non-

ischemic myocardial injury in the future. Further data are

needed to establish the optimal diagnostic algorithm. The

PRediction of Acute Coronary Syndrome in Acute

Ischemic StrokE Study has just managed to recruit the

preplanned sample size of patients and results may be

expected with excitement.37 In addition, the ongoing Car-

diomyocyte Injury Following Acute Ischemic Stroke

(CORONA-IS; clinicaltrials.gov NCT03892226)59 and

“Bern Heart and Brain Interaction Study” (clinicaltrials.

gov NCT03720522) will produce valuable data on the diag-

nostic capacity of CMR.

New data will improve knowledge on the long-lasting

interaction between heart and brain. Myocardial injury

after acute ischemic stroke and stroke–heart syndrome are

now a thriving research topic. The causative mechanisms of

stroke-related dysfunction may become attractive new tar-

gets for future therapeutic strategies.
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lence and determinants of systolic and diastolic cardiac dys-

function and heart failure in acute ischemic stroke patients:

the SICFAIL study. ESC Heart Fail 2021; 8(2): 1117–1129.

22. Hjalmarsson C, Bokemark L, Fredriksson S, et al. Can pro-

longed QTc and cTNT level predict the acute and long-term

prognosis of stroke? Int J Cardiol 2012; 155: 414–417.

23. Wrigley P, Khoury J, Eckerle B, et al. Prevalence of positive

troponin and echocardiogram findings and association with

mortality in acute ischemic stroke. Stroke 2017; 48:

1226–1232.

24. Khechinashvili G and Asplund K. Electrocardiographic

changes in patients with acute stroke: a systematic review.

Cerebrovasc Dis 2002; 14: 67–76.

25. Soros P and Hachinski V. Cardiovascular and neurological

causes of sudden death after ischaemic stroke. Lancet Neurol

2012; 11: 179–188.

26. Jung JM, Kim JG, Kim JB, et al. Takotsubo-like myocar-

dial dysfunction in ischemic stroke: a hospital-based reg-

istry and systematic literature review. Stroke 2016; 47:

2729–2736.

27. Scheitz JF, Erdur H, Haeusler KG, et al. Insular cortex

lesions, cardiac troponin, and detection of previously

unknown atrial fibrillation in acute ischemic stroke: insights

from the troponin elevation in acute ischemic stroke study.

Stroke 2015; 46: 1196–1201.

28. Scheitz JF, Endres M, Mochmann HC, et al. Frequency,

determinants and outcome of elevated troponin in acute

ischemic stroke patients. Int J Cardiol 2012; 157:

239–242.

29. Stahrenberg R, Niehaus CF, Edelmann F, et al. High-

sensitivity troponin assay improves prediction of cardiovas-

cular risk in patients with cerebral ischaemia. J Neurol

Neurosurg Psychiatry 2013; 84(5): 479–487.

30. Scheitz JF, Pare G, Pearce LA, et al. High-sensitivity cardiac

troponin t for risk stratification in patients with embolic

stroke of undetermined source. Stroke 2020; 51(8):

2386–2394.

31. von Rennenberg R, Siegerink B, Ganeshan R, et al. High-

sensitivity cardiac troponin T and severity of cerebral white

matter lesions in patients with acute ischemic stroke. J Neurol

2019; 266(1): 37–45.

6 Clinical & Translational Neuroscience



32. Broersen LHA, Siegerink B, Sperber PS, et al. High-

sensitivity cardiac troponin t and cognitive function in

patients with ischemic stroke. Stroke 2020; 51(5):

1604–1607.

33. Thygesen K, Alpert JS, Jaffe AS, et al. Fourth universal def-

inition of myocardial infarction. J Am Coll Cardiol 2018; 72:

2231–2264.

34. Anders B, Alonso A, Artemis D, et al. What does elevated

high-sensitive troponin I in stroke patients mean: concomi-

tant acute myocardial infarction or a marker for high-risk

patients? Cerebrovasc Dis 2013; 36(3): 211–217.

35. Stone J, Mor-Avi V, Ardelt A, et al. Frequency of inverted

electrocardiographic T waves (cerebral T waves) in

patients with acute strokes and their relation to left ven-

tricular wall motion abnormalities. Am J Cardiol 2018;

121: 120–124.

36. Mochmann HC, Scheitz JF, Petzold GC, et al. Coronary

angiographic findings in acute ischemic stroke patients with

elevated cardiac troponin: the troponin elevation in acute

ischemic stroke (TRELAS) study. Circulation 2016; 133:

1264–1271.

37. Nolte CH, von Rennenberg R, Litmeier S, et al. PRediction of

acute coronary syndrome in acute ischemic StrokE

(PRAISE)—protocol of a prospective, multicenter trial with

central reading and predefined endpoints. BMC Neurol 2020;

20(1): 318.

38. Sposato LA, Fridman S, Whitehead SN, et al. Linking stroke-

induced heart injury and neurogenic atrial fibrillation: a

hypothesis to be proven. J Electrocardiol 2018 Feb 20 [E-

pub ahead of print].

39. Krause T, Werner K, Fiebach JB, et al. Stroke in right dorsal

anterior insular cortex is related to myocardial injury. Ann

Neurol 2017; 81: 502–511.

40. Oppenheimer S. Cerebrogenic cardiac arrhythmias: cortical

lateralization and clinical significance. Clin Auton Res 2006;

16: 6–11.

41. Oppenheimer S and Cechetto D. The insular cortex and the

regulation of cardiac function. Compr Physiol 2016; 6:

1081–1133.

42. Ay H, Koroshetz WJ, Benner T, et al. Neuroanatomic corre-

lates of stroke-related myocardial injury. Neurology 2006;

66: 1325–1329.

43. Tokgozoglu SL, Batur MK, Topcuoglu MA, et al. Effects of

stroke localization on cardiac autonomic balance and sudden

death. Stroke 1999; 30: 1307–1311.

44. Abboud H, Berroir S, Labreuche J, et al. Insular involvement

in brain infarction increases risk for cardiac arrhythmia and

death. Ann Neurol 2006; 59: 691–699.

45. Balint B, Jaremek V, Thorburn V, et al. Left atrial microvas-

cular endothelial dysfunction, myocardial inflammation and

fibrosis after selective insular cortex ischemic stroke. Int J

Cardiol 2019; 292: 148–155.

46. Christensen H, Boysen G and Johannesen HH. Serum-cortisol

reflects severity and mortality in acute stroke. J Neurol Sci

2004; 217(2): 175–180.

47. Melville KI, Blum B, Shister HE, et al. Cardiac ischemic

changes and arrhythmias induced by hypothalamic stimula-

tion. Am J Cardiol 1963; 12: 781–791.

48. Hachinski VC, Smith KE, Silver MD, et al. Acute myocardial

and plasma catecholamine changes in experimental stroke.

Stroke 1986; 17(3): 387–390.

49. Chen Z, Venkat P, Seyfried D, et al. Brain-heart interaction:

cardiac complications after stroke. Circ Res 2017; 121(4):

451–468.

50. Scheitz JF, Mochmann HC, Nolte CH, et al. Troponin eleva-

tion in acute ischemic stroke (TRELAS)—protocol of a pro-

spective observational trial. BMC Neurol 2011; 11: 98.

51. Liesirova K, Abela E, Pilgrim T, et al. Baseline troponin T

level in stroke and its association with stress cardiomyopathy.

PLoS One. 2018;13(12): e0209764.

52. Collet JP, Thiele H, Barbato E, et al. 2020 ESC guidelines for

the management of acute coronary syndrome in patients pre-

senting without persistent ST-segment elevation. Eur Heart J

2020; 1: 1–79.

53. Scheitz JF, Nolte CH, Laufs U, et al. Application and inter-

pretation of high-sensitivity cardiac troponin assays in

patients with acute ischemic stroke. Stroke 2015; 46:

1132–1140.

54. Hellwig S, Grittner U, Elgeti M, et al. Evaluation of left

ventricular function in patients with acute ischaemic stroke

using cine cardiovascular magnetic resonance imaging. ESC

Heart Fail 2020; 7(5): 2572–2580.

55. Bauer WR. [Cardiac MRI today]. Dtsch Med Wochenschr

2021; 146(5): 344–350.

56. Kim J, Ko Y, Yoon S, et al. Correlation of serial cardiac

magnetic resonance imaging parameters with early resolution

of ST-segment elevation after primary percutaneous coronary

intervention. Circ J 2008; 72(10): 1621–1626.

57. Haeusler KG, Jensen C, Scheitz JF, et al. Cardiac magnetic

resonance imaging in patients with acute ischemic stroke and

elevated troponin: a TRoponin ELevation in Acute Ischemic

Stroke (TRELAS) sub-study. Cerebrovasc Dis Extra 2019;

9(1): 19–24.

58. Kircher M, Ihne S, Brumberg J, et al. Detection of cardiac

amyloidosis with 18F-florbetaben-PET/CT in comparison to

echocardiography, cardiac MRI and DPD-scintigraphy. Eur J

Nucl Med Mol Imaging 2019; 46(7): 1407–1416.

59. Stengl H, Ganeshan R, Hellwig S, et al. Cardiomyocyte injury

following acute ischemic stroke (CORONA-IS): protocol for

a prospective observational cohort study. JMIR Res Protoc

2021; 10(2): e24186.

Nolte et al. 7



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /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 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /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
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


