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Abstract
Functional magnetic resonance imaging (fMRI) technology has not been used to investigate the frontal lobe function of subcortical
ischemic vascular cognitive impairment (SIVCI). In this study 11 healthy elderly controls, 12 patients with subcortical ischemic
vascular cognitive impairment no dementia (SIVCIND), and 12 patients with subcortical ischemic vascular dementia (SIVD)
underwent fMRI examination on a SIEMENS Trio 3.0 Tesla scanner during Stroop task performance. Compared to the controls,
participants with SIVCIND showed markedly increased activation in prefrontal cortex. By contrast, participants with SIVD
exhibited decreased fMRI responses in the regions described above. A close correlation was found between the cognitive score in
Montreal Cognitive Assessment test and the activation area of frontal and parietal lobule of patients with SIVD. Our results
suggest that the alterations of cortical activation in SIVCI were bidirectional. There is a prefrontal dysfunction in SIVD and a
compensation in SIVCIND. These findings might help guide a clinical differentiation among normal controls, SIVCIND, and SIVD.
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Introduction

Dementia is a syndrome with a number of symptoms, including

loss of memory, judgment, reasoning, and changes in mood,

behaviors, and communication abilities.1 Vascular dementia is

the second most common type of dementia after Alzheimer’s dis-

ease (AD), accounting for up to one-third of all dementias. It is

thought to be due to impaired blood supply to the brain, and it

is divided into different subtypes depending on the nature of the

vascular diseases.2 Subcortical Ischemic vascular dementia

(SIVD) is one of the subtypes and affects the inner parts of the

brain consisting of the basal ganglia, thalamus, and white matter,

which is made up of nerve cell fibers. Subcortical ischemic vas-

cular cognitive impairment no dementia (SIVCIND) is an early

stage of SIVD.3

The recent development of functional magnetic resonance

imaging (fMRI) allows researchers to detect neural activity

in real time and provides valuable insight into the causes of

dementia.4 Previously, severe cortex function lesions were

found in the hippocampal, parahippocampal regions, and med-

ial temporal lobe when patients with AD perform working

memory and visual spatial tasks.5-7 Attention and executive

deficits are prominent in the patients with SIVD. The main

clinical manifestation of SIVD is a ‘‘dysexecutive syndrome’’

resulting from the interruption of prefrontal–subcortical loops.

Patients with SIVD have worse cognitive impairment in execu-

tive and attention functions than those with other causes of

dementia.8-10 Nevertheless, to date, no fMRI studies have been

performed to investigate the prefrontal cortical functions in

patients with SIVCIND and SIVD. We supposed that patients

with SIVCIND and SIVD have special and different blood–

oxygen-level dependence (BOLD) response in the brain

regions responsible for attention and executive function.

Stroop task is a typical paradigm in cognitive neu-

roscience to detect attention and executive processes.11-15

Successful performance requires concentration to process

relevant tasks and inhibition of irrelevant tasks. This task

has been used as a classic measure of frontal lobe function.

In this study, we observed and analyzed the activation of the

cortex evoked by the Stroop task in patients with SIVCIND

and SIVD using BOLD fMRI technology to help the

clinical differentiation among normal controls, patient with

SIVCIND, and SIVD.
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Materials and Methods

Participants

Totally, 12 patients with SIVD and 12 with SIVCIND were

recruited from the Department of Neurology in Xinqiao

Hospital and Southwest Hospital of Third Military Medical

University (TMMU) from December 2007 to December 2010

(Table 1). National Institute of Neurological and Communica-

tive Disorders and Stroke Data Bank criteria were used by

clinicians to identify ischemic stroke of candidates for this

study. Clinical diagnosis of SIVD was made by a senior neurol-

ogist according to the criteria made by Erikinjuntti et al16 and

by Diagnostic and Statistical Manual of Mental Disorders

(Fourth Edition [DSM-IV]) at the time of recruitment. All

patients with SIVD completed a formal neuropsychological

assessment administered by a trained neuropsychological

technician under the supervision of a neuropsychologist.

Examination included the following tests: Mini-Mental State

Examination (MMSE), Clinical Dementia Rating (CDR), Neu-

ropsychiatric Inventory, Montreal Cognitive Assessment

(MoCA), Activities of Daily Living Scale, Hachinski and

Hamilton test, Wechsler Memory Scale, Verbal and categorical

fluency, Figural Recognition Test, and the Informant Question-

naire on Cognitive Decline in the Elderly. The MoCA was a

rapid screening instrument and were used to assess different

cognitive domains including attention and concentration, exec-

utive functions, memory, language, visual–constructional

skills, conceptual thinking, calculations, and orientation. Parti-

cipants were excluded from the study if their MMSE score was

less than 12, their CDR score was greater than 2.0, or if they

had a history of brain injury or alcoholism. Additionally, all

participants with SIVD were required to complete an unstruc-

tured neurologic interview to determine a history of onset,

symptoms, and recovery from stroke and a history of memory

loss and other symptoms of dementia. The clinical diagnosis of

SIVCIND was made based on the criteria set by Rockwood at

the time of recruitment.17 Disease severity was assessed using

the MoCA score, which were from 20 to 25. Exclusion criteria

of SIVD and SIVCIND included patients with aphasia or the

patients who otherwise could not complete psychological tests

because of language disorder, diagnosis with a chronic or

degenerative diseases, active substance abuse disorders, intra-

cranial hemorrhage, difficulty in controlling epilepsy that could

present with cognitive impairment, or temporal lobe epilepsy.

However, past or present medication for the treatment of cog-

nitive impairment and infarction was not an exclusion criterion.

Eleven healthy, normally aged volunteers were recruited as

controls. They had no cognitive complaints and did not have

neurological or psychiatric disorders. At the time of inclusion,

all normal participants were free of medication that could

noticeably affect brain function, and none of them had received

an acetylcholinesterase inhibitor. All the participants with

SIVD, SIVCIND, and control groups were right-handed. Each

participant gave written informed consent to participate in the

study. The study was performed under the guidance and

approval of the institutional review board at Southwest

Hospital in China.

Functional MRI Studies

The MR imaging for all participants was performed on a 3.0-T

whole body system (Magnetom Trio, Siemens Healthcare,

Erlangen, Germany). Images were obtained with a T2-sensitive

gradient-recalled, single-shot, echo-planar pulse sequence in

Southwest Hospital, TMMU. The head coil was fitted with a

bite bar to minimize motion during the sessions. Twenty T1-

weighted axial slices (echo time [ET] TE ¼ 2.78 milliseconds,

TR ¼ 250 milliseconds, field of view ¼ 230 � 230 mm, and

291 � 448 data matrix) were obtained parallel to the anterior

commissure and commissural posterior line, which was identi-

fied with the aid of a sagittal localizer anatomical image.18

Functional images were obtained by a single-shot, echo-

planar gradient-echo sequence (64 � 64 matrix, 192 � 192

mm field of view, TE 30 milliseconds, volume repetition time

(TR) 3000 milliseconds, and flip angle 90�]. The voxel size was

3 � 3 � 5 mm. In addition, high-resolution structural imaging

of the whole brain was performed with a T1-weighted

sequence. The parameters were as follows 256 � 256 matrix,

TE 2.52 milliseconds, TR 1900 milliseconds, and flip angle

9� were acquired for each participant for the purpose of

landmark selection and 3-dimensional (3D) reconstruction.

The stimuli of the Stroop task was designed and adminis-

tered on a computer with the software E-Prime (Psychology

Software Tools, Inc, 2002, Pittsburgh, PA). It was presented

on a projector screen, which was mounted onto the patient’s

bed in the MR scanner. An angled mirror, positioned above the

participants’ eyes, provided a full view of the screen.19,20 Par-

ticipants were presented with a list of words ‘‘red,’’ ‘‘green,’’

and ‘‘blue,’’ however, the ink colors of the words were discor-

dant with the colors of the presented words (eg, the word ‘‘red’’

printed in blue ink). Participants pressed 1 of the 3 buttons to

indicate whether the ink color of the word was blue, yellow,

or green regardless of the meaning of the word. Each stimulus

was presented for 1250 milliseconds, followed by an

Table 1. Characteristics of Study Participantsa

Groups SIVD SIVCIND Controls w2/F P Value

N 12 12 11
Age 65.5 (5.7) 66.2 (4.9) 64.9 (4.2) 1.56 >.05
Female/male 6/6 6/6 6/5 1.72 >.05
Education, years 7.6 (3.2) 6.9 (3.6) 6.8 (4.2) 2.82 >.05
MMSE 16.5 (4.7) 26.6 (1.7) 28.0 (2.2) 44.36 <.01
NPI 26.54 (11.9) 6.5 (3.3)
ADL 39.5 (8.4) 24.5 (5.2)
Hachinski 12.3 (4.0) 8.8 (1.3)
Hamilton 14.2 (5.6) 9.6 (2.5)
MoCA 14.6 (3.8) 22.3 (1.5)

Abbreviations: MMSE, Mini-Mental State Examination; NPI, Neuropsychiatric
Inventory; ADL, Activities of Daily Living scale; MoCA, Montreal Cognitive
Assessment; SIVCIND, subcortical ischemic vascular cognitive impairment no
dementia; SIVD, subcortical ischemic vascular dementia.
a Data were expressed as mean + SD.
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interstimulus interval lasting 250 milliseconds. Generally, 2 to

3 runs of 60 stimuli were presented. The color names or pre-

sented colors were repeated randomly. Reaction time was

recorded from stimulus onset. Trials in which the participants

did not respond within 1250 milliseconds were counted as leak-

ing errors. The control task consisted of a solid white crosscen-

tered on a black background, during which the participants

keep static in the magnet. The time of the resting and stimula-

tion state presentations within each block was 30 seconds,

which included 10 TR. Prior to the scanning, all participants

were fitted with MRI-compatible corrective lenses to correct

for refractive errors. All participants were trained to practice

the task for 1 or 2 runs on the same device as in the magnet.21

Image Processing and Analysis

Image processing and analyses were performed with Analysis

of Functional Neuroimages software.22 All data were motion

corrected for 3 translational directions and 3 possible rota-

tions.23 Runs with head motion in excess of 1.5 mm displace-

ment and 1� rotation were rejected. The first 6 volumes of

each run were discarded to allow the MR signal to reach steady

state. Echo planar images were coregistered to the image that

minimized image translation and rotation relative to all other

images and were intensity normalized, convolved with a 3D

Gaussian kernel (FWHM ¼ 8 mm, kernel width ¼ 5).

The block design time series was convolved to represent the

target hemodynamic response function. For each voxel, a cor-

relation coefficient was calculated to indicate the strength of

correlation between the participants BOLD signal and target

reference function. The correlation coefficient for each partici-

pant was then compared with a value of 0 at each pixel using an

unpaired t statistic. These t maps were analyzed using a thresh-

old with a P value <.01 and a cluster filter of 9 adjacent pixels.

The functional and anatomical images for each participant

were transformed into the Talairach and Tournoux coordinate

system,24 and group composite t maps for fMRI signal change

associated with the Stroop task were obtained. The activation

of the whole brain of 3 groups were analyzed and compared.

The activation area of all regions and MoCA score of patients

with SIVD were correlated using SPSS statistical software

(version 13.0, SPSS Inc, Chicago, Illinois). P values of .05

were considered statistically significant.

Results

When performing the Stroop color–word task, the patients with

SIVD had a higher leaking response percentage (7.33 +
3.45%) and longer reaction time (714.63 + 145.61 millise-

conds) than those with SIVCIND (5.41 + 1.26%, 627.18 +
139.55 milliseconds, P < .05), which were also higher and lon-

ger than that of the control groups (3.68 + 1.51%, 531.46 +
98.76 milliseconds, P < .05). The patients with SIVD had a

higher error response percentage (5.24+ 2.17%) than those

with SIVCIND (3.37+ 1.35%, P < .05), which was not differ-

ent from normal controls (3.47 +1.93%, P > .05; Table 2).

Following the Stroop color–word stimulation, the partici-

pants in the 3 groups produced different prefrontal activations.

Activated brain regions in the control and participants with

SIVCIND included the dorsal anterior cingulate, bilateral mid-

dle and inferior frontal gyri, inferior parietal lobule, insular and

basal ganglia, which indicated a brain network of attention and

execution. By contrast, most of the activation regions in

patients with SIVD consisted of the bilateral middle, inferior

frontal gyri, insular and inferior parietal lobule. Compared to

controls, increased cortical activation was seen bilaterally in all

the brain regions activated except the basal ganglia in patients

with SIVCIND (t ¼ 12.25�33.24, P < .05). Decreased cortical

activation was seen in all the brain regions in patients with

SIVD, and the reduction reached statistical significance (t ¼
6.35�35.65, P < .05; Figure 1, Table 3). Thus, patients with

SIVD, SIVCIND, and the controls were distinguished by dif-

ferences in brain activation.

A close correlation was found between cognitive score in

MoCA test and activation area in the bilateral middle, inferior

frontal gyri, insular and inferior parietal lobules in patients with

SIVD (Table 4; R ¼ 0.366�0.565, P < .05).

Discussion

In the present study, the functions of the prefrontal cortex asso-

ciated with attention and execution were compared among the

patients with SIVCIND, SIVD, and normal controls. The brain

activities in the prefrontal cortex were largely decreased in

patients with SIVD compared with those of the controls in the

dorsal anterior cingulate, bilateral middle and inferior frontal

gyri, inferior parietal lobules, and insular.19,20 A close correla-

tion was found between cortical activation of areas above and

cognitive score in MoCA. These findings suggest dysfunction

in these brain regions, and the cortical dysfunction is the cause

or outcome of cognitive impairments. The SIVCIND is an early

stage of SIVD.25 In this study, compared with the patients with

SIVD and controls, patients with SIVCIND showed distinctly

increased activation in the prefrontal cortex. Considering that

the cortical activation of these areas was significantly reduced

in SIVD, the increased cortical activation in SIVCIND may be

a compensation. These findings suggest that brain regions as

Table 2. Comparison of Reaction Time, Leaking, and Error Response
Percentage of SIVD, SIVCIND, and Normal Control Participants

Groups
Reaction Time,

ms
Leaking

Response, %
Error

Response, %

Normal
controls

531.46 + 98.76 3.68 + 1.51 3.37 + 1.35

SIVCIND
group

627.18 + 139.55a 5.41 + 1.26a 3.437 + 1.93
t ¼ 5.882 t ¼ 10.02 t ¼ 0.975

SIVD group 714.63 + 145.61a 7.33 + 3.45a 5.24 + 2.17a

t ¼ 6.012 t ¼ 18.43 t ¼ 11.036

Abbreviations: SIVCID, subcortical ischemic vascular cognitive impairment no
dementia; SIVD, subcortical ischemic vascular dementia.
a P < .05 as compared with the normal control participants.
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described above may be the most affected areas in SIVCI, and

the bidirectional alterations are a possible characteristic of

them. The measurement of cortical activation in these regions

might have great potential value in the diagnosis and differen-

tial diagnosis of these impairments.

Our study is the first fMRI study of brain activation in the

patients with SIVD and SIVCIND. In previous studies, fMRI

has been used to observe functional lesions in the cortex of

AD and patients with mild cognitive impairment (MCI).

Patients with AD have decreased activation in the hippocampal

and parahippocampal regions compared with the controls dur-

ing episodic encoding tasks.5-7 Using a face–name associative

paradigm, Petrella et al found no differences between MCI and

controls in medial temporal lobe activation during encoding,

however, they observed hypoactivation in the left hippocampus

during retrieval conditions.26 Additionally, Johnson et al found

similar hypoactivation in the right hippocampal in patients with

MCI when compared with the controls using an item-based old

and new recognition retrieval paradigm.27

Our findings demonstrated that performing Stroop task

highly activated the prefrontal cortex including the anterior

cingulate cortex (ACC) and the dorsolateral prefrontal cortex

(DLPFC), which is consistent with a previous study showing

that the prefrontal regions act in an attention and executive

manner.28 The ACC has been hypothesized to play an impor-

tant role in cognitive control, detecting conflict, and engaging

the DLPFC to resolve the conflict.29 The levels of activation of

ACC and DLPFC have also been found to reflect conflict and

Figure 1. Differences in prefrontal cortical activation of SIVCIND, SIVD, and controls during performance of Stroop color–word task. A,
Control participants B, Patients with SIVCIND. C, Patients with SIVD. SIVCIND indicates subcortical ischemic vascular cognitive impairment
no dementia; SIVD, subcortical ischemic vascular dementia.
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control, respectively.30 Based on experimental evidence from

monkeys, the ACC and DLPFC are important not only for

memory buffering to permit ‘‘online’’ processing but also for

prepotent response inhibition.31,32 Therefore, lesions of the

prefrontal cortex could result in impaired performance in

Stroop tasks. For example, patients with schizophrenia have

abnormalities in the ACC and DLPFC, presenting with

impairments in attention conflict paradigms.33,34 In our study,

a number of parietal regions were activated by the Stroop tasks

as well. These regions appeared to be related to word process-

ing. For example, the left inferior parietal area that exhibited

increased activation in this study has been reported to become

activated when processing words, compared to letter strings.35

The significantly greater activation of the lateral left inferior

region is likely to reflect the translation of orthography to pho-

nology, as this area has been reported to be more active when

viewing or naming words than the pictures.36

The present study is the first fMRI study of SIVCI. Different

prefrontal cortex activation characteristics were observed

among normal aging and different states of participants with

SIVCI during Stroop task performance. There is a dysfunction

in SIVD and an compensation in SIVCIND. These findings

might help guide a clinical differentiation among normal

controls, patients with SIVCIND, and SIVD. We are aware

of several limitations in this study. First, all the patients with

SIVCIND included in this study were typical with very near

MoCA score, so we could not correlate it with the BOLD

response. Second, in the training session prior to the scanning

we did not let participants meet some performance standard

to ensure that they understood the task. Future investigations

should address the limitations of this present study by using

larger, more diverse sample groups, and by correlating MoCA

score with brain activity of all stages of patients with SIVCI.
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28. Yücel M, Pantelis C, Stuart GW, et al. Anterior cingulate activa-

tion during Stroop task performance: a PET to MRI coregistration

study of individual patients with schizophrenia. Am J Psychiatry.

2002;159(2):251-254.

29. Carter CS, van-Veen V. Anterior cingulate cortex and conflict

detection: an update of theory and data. Cogn Affect Behav Neu-

rosci. 2007;7(4):367-379.

30. Nee DE, Wager TD, Jonides J. Interference resolution: insights

from a meta-analysis of neuroimaging tasks. Cogn Affect Behav

Neurosci. 2007;7(1):1-17.

31. Frith C, Dolan R. The role of the prefrontal cortex in higher cog-

nitive functions. Brain Res Cogn Brain Res. 1996;5(1-2):175-181.

32. Goldman-Rakic PS. Circuitry of primate prefrontal cortex and

regulation of behavior by representational memory. In:

MountcastleVB, PlumF, eds. Handbook of Physiology: The Ner-

vous System, Higher Functions of the Brain. Bethesda, MD: The

American Physiological Society; 1987:373-417.

33. Nordahl TE, Carter CS, Salo RE, et al. Anterior cingulate metabo-

lism correlates with stroop errors in paranoid schizophrenia

patients. Neuropsychopharmacology. 2001;25(1):139-148.

34. Henik A, Salo R. Schizophrenia and the stroop effect. Behav Cogn

Neurosci Rev. 2004;3(1):42-59.

35. Jessen F, Erb M, Klose U, Lotze M, Grodd W, Heun R. Activation

of human language processing brain regions after the presentation

of random letter strings demonstrated within event-related func-

tional magnetic resonance imaging. Neurosci Lett. 1999;270(1):

13-16.

36. Price CJ. The functional anatomy of word comprehension and

production. Trends Cogn Sci. 1998;2(8):281-288.

Li et al 495



<<
  /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 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile 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 /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 600
  /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 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

  /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


