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Abstract Objective: To prospec-
tively investigate and detect early
cerebral metabolic changes in patients
with end-stage renal disease (ESRD)

Introduction

Haemodialysis is commonly used to treat patients with
end-stage renal disease (ESRD). Patients who undergo

by using in vivo proton MR spec-
troscopy (MRS). Methods: We en-
rolled 32 patients with ESRD and 32
healthy controls between the ages of
26 and 50 years. Short echo time
single-voxel proton MRS was ac-
quired from volumes of interest
(VOIs) located in the frontal grey and
white matter, temporal white matter
and basal ganglia. The choline/phos-
patidylcholine (Cho), myo-inositol
(ml), N-acetylaspartate (NAA) and
total creatine (tCr) peaks were mea-
sured and the metabolic ratios with
respect to tCr were calculated.
Results: In the ESRD group, signifi-
cant elevations of the Cho/tCr and ml/
tCr ratios were observed for the frontal
grey matter, frontal white matter, tem-
poral white matter and basal ganglia as
compared with controls. There was no
significant difference in the NAA/tCr
ratios at all VOIs between the ESRD
patients and the healthy controls.
Conclusions: Proton MRS is a useful
and non-invasive imaging tool for the
detection of early cerebral metabolic
changes in neurologically presymp-
tomatic ESRD patients.

Keywords End-stage renal disease -
Magnetic resonance spectroscopy -
Haemodialysis - Cognitive deficit -
Magnetic resonance imaging

chronic haemodialysis often present with neurological
complications such as white matter changes, cerebral

atrophy, dialysis dementia, hypertensive encephalopa-
thy, haemorrhagic stroke, osmotic myelinolysis and
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opportunistic infections [1-4]. In order to improve the
morbidity and mortality of these patients, early diag-
nosis and prevention of these complications is an
important issue.

CT and MRI are the most frequently used imaging
modalities for the clinical evaluation of neurological
complications in these ESRD patients. CT can be used to
assess neurological complications, such as intracranial
haemorrhage and cerebral infarction. MRI is a sensitive
imaging tool for the neurological evaluation of ESRD
patients [1]. The conventional imaging methods of MRI,
including T1-weighted, T2-weighted and FLAIR techni-
ques can be used to detect white matter changes,
haemorrhage, cerebral atrophy and hypertensive encepha-
lopathy. Furthermore, various new MRI techniques are
applied to aid in the diagnostic value, such as diffusion
MRI and proton MR spectroscopy ('H-MRS). Diffusion
MRI can be used to detect early white matter changes in
ESRD patients [5]. Also, proton MRS is a non-invasive
imaging tool that can be used in the assessment of cerebral
metabolic alternations. As ESRD patients often present
with various neurological complications, proton MRS may
be of benefit in detecting the early cerebral metabolic
changes in ESRD patients. However, as there are limited
reports regarding this particular application, we aim to
prospectively investigate the early cerebral metabolic
changes in ESRD patients undergoing haemodialysis by
using in vivo proton MRS.

Materials and methods
Subjects

Our institutional review board approved this prospective
study, and all participants provided informed consent. A
total of 33 patients with ESRD (17 female and 16 male) and
32 healthy volunteers (17 female and 15 male) were
enrolled. The ESRD patients received regular haemodia-
lysis three times per week at our hospital. All subjects were
required to be 50 years of age or younger. Subjects were
excluded if they had a history of diabetes, alcoholism, drug
abuse or major neurological disorder (i.e. severe head
injury, stroke, epilepsy, mental retardation, congenital
neurological deficits or intracranial tumours). All
subjects underwent magnetic resonance (MR) imaging
and were required to complete cognitive testing and
personal information questionnaires regarding gender,
age, health status and level of education, on the same
day as the MR examination. The cognitive abilities
screening instrument (CASI) was used for cognitive
testing [6]. The CASI included a broad range of cog-
nitive domains and required approximately 30 min to
complete. One male subject was excluded due to abnormal
findings on conventional T2-weighted and diffusion-weighted
images.

MR imaging and MR spectroscopy

All experiments were carried out at 1.5 T on a clinical
whole-body MR system (Signa Excite; GE Medical
Systems, Milwaukee, USA) with a standard head coil.
Single-voxel 'H-MRS data were acquired by using a
PRESS sequence with TE=35 ms, TR=1,500 ms, spectral
width=2,500 Hz, 2,048 data points and 128 imaging
averages. Water suppression was achieved by three chem-
ical shift selective (CHESS) pulses before the PRESS; the
bandwidth of each CHESS pulse was 60 Hz. For phase
correction of metabolite spectra, a total of 16 additional
acquisitions were collected without water suppression in
the sequence. The MR data acquisition time for each item
of MRS data was 3 min 42 s.

The frontal grey and white matter, temporal white matter
and basal ganglia were examined in each subject (Fig. 1).
The voxel size was 2x2x2 ¢cm® for the frontal white and
grey matter and temporal white matter and 1.5x2.5%x2 cm®
for the basal ganglia. The voxel locations were carefully
chosen to ensure that voxels were placed in normal-
appearing brain regions.

Choline/phospatidylcholine (Cho), myo-inositol (ml), N-
acetylaspartate (NAA) and total creatine (tCr) were quanti-
fied using linear combination of model spectra (LCModel),
which is an automated, user-independent curve-fitting soft-
ware for quantification of cerebral metabolites from MR
spectra. Estimated uncertainties by Cramer—Rao lower
bounds (CRLB) served as the main guidelines for judging
the spectra of metabolite concentrations. Spectra with a full
width at half maximum (FWHM) greater than 0.070 ppm
were not included in the study. Only metabolite spectra with
LCModel estimated uncertainty below 15% standard devi-
ation (SD) of the evaluated concentrations and spectra with a
signal to noise ratio (SNR) above 3 were included in this
study. The NAA/tCr, Cho/tCr and ml/ttCr ratios were
calculated for further statistical analyses.

Statistic analyses

A t test was used to compare the difference in continuous
variables between the two groups. A chi-squared test was
used to test the difference in the nominal variable, gender,
between the two groups. We use the statistical software
package SPSS 12.0.0 (SPSS, Chicago, IllI) in the data
analysis. P values less than 0.05 (two-tailed) were
considered statistically significant.

Results
Description of study subjects

Demographic characteristics of the study population are
shown in Table 1. The mean age of the ESRD patients was
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Fig. 1 FLAIR images and MR spectra in a 34-year-old male patient
with end-stage renal disease. The MR images show VOlIs in a the
frontal white and grey matter, b the basal ganglia and ¢ the temporal

39.72 years (range 2650 years; SD 8.09 years) and the
mean age of the healthy volunteers was 38.91 years (range
26-49 years; SD 7.26 years). There were no significant
differences in gender (p=1.000) or age (»=0.674) between
the patients with ESRD undergoing haemodialysis and the
healthy volunteers. The duration of dialysis for the patient
group was 6.25+3.96 years (mean = SD) compared with no
dialysis in the control group. There was also no significant
difference in the CASI between the ESRD patients (93.98+
8.65) and the healthy controls (96.50+3.55).
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white matter; the MR spectra in each location are also shown in d
the frontal white matter, e the frontal grey matter, f the basal ganglia
and g the temporal white matter

MR spectroscopy

A comparison between our ESRD patients who underwent
haemodialysis and the controls is summarised in Table 2.
Significant elevations in the Cho/tCr ratios of the ESRD
group were observed for the frontal grey matter (p=0.005),
frontal white matter (p=0.002), temporal white matter (p<
0.001) and basal ganglia (p<0.001) compared with the
healthy control group. The mI/tCr ratios for ESRD patients
who underwent haemodialysis were also significantly
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Table 1 Demographic characteristics of the study population

Characteristics Mean £ SD or n p value
HD Control

Number 32 32

Gender (female/male) 17/15 17/15

Age (years) 39.72+8.09 (26-50) 38.91+7.26 (26-49) 0.674

Male 38.07+7.41 (26-49) 38.07+£6.96 (26-49) 1

Female 41.18+8.60 (29-50) 39.65+7.64 (28-49) 0.587

HD duration (years) 6.25+3.96

CASI 93.98+8.65 96.50+3.55 0.177

HD haemodialysis, CASI cognitive abilities screening instrument (cognitive function test)

higher compared with the control group in the frontal grey
matter (»p=0.001), frontal white matter (»p<0.001), tempo-
ral white matter (»p<0.001) and basal ganglia (p=0.005).
There was no significant difference in the NAA/tCr ratio
between the ESRD patients and the healthy controls for all
VOls.

Discussion

Proton MR spectroscopy is a powerful imaging tool that
has been used to assess a variety of intracranial patholog-
ical processes such as demyelinating lesions [7], tumours
[8—10], multiple sclerosis [11, 12] and Alzheimer’s disease
[13—16]. In order to detect early neurological changes in

patients with ESRD, we evaluated the cerebral chemistry
and metabolic changes by using proton MR spectroscopy.
In our protocol, we studied only subjects who were
50 years of age or younger to minimise the effect of aging,
because aging itself can cause cerebral metabolic changes
[17-19]. We found significant elevations in the Cho/tCr
and ml/tCr ratios of patients with ESRD compared with
controls; however, there was no significant difference in
the NAA/tCr ratio.

Elevation in the Cho/tCr ratio may be due to significant
osmolytic changes in the brains of dialysis patients. In their
study, Geissler et al. reported an elevation of the Cho/tCr
ratio that was limited only to the grey matter [20].
However, in our study, a significant elevation of the Cho/
tCr ratio was observed not only for grey matter but also

Table 2 Metabolite ratios mI/tCr, Cho/tCr and NAA/tCr at each VOI for ESRD patients and control groups

Metabolic ratios/VOI HD (n=32) Control (n=32) p value
ml/ACr

Temporal WM 1.07+0.20 0.90+0.18 <0.001*
Frontal GM 1.15£0.20 0.96+0.25 0.001*
Frontal WM 1.08+0.20 0.90+0.15 <0.001*
Basal ganglia 0.85+0.23 0.68+0.23 0.005%*
Cho/tCr

Temporal WM 0.29+0.04 0.25+0.04 <0.001*
Frontal GM 0.33+0.06 0.29+0.04 0.005*
Frontal WM 0.37+0.07 0.32+0.04 0.002*
Basal ganglia 0.33+0.07 0.26+0.03 <0.001*
NAA/Cr

Temporal WM 1.40+0.18 1.46+0.22 0.224
Frontal GM 1.46+0.17 1.44+0.16 0.658
Frontal WM 1.65+0.20 1.73+0.24 0.140
Basal ganglia 1.44+0.18 1.38+0.23 0.222

Data are expressed as mean = SD
WM white matter, GM grey matter
*p<0.05 indicates a significant difference
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white matter. Similar elevations in the Cho/tCr ratio for
both grey and white matter of ESRD patients were
observed by Sasaki et al. [21]. White matter changes
were also observed in patients with ESRD in the periven-
tricular and subcortical white matter in other previous MR
studies [1, 22, 23]. Therefore, these reports suggest that
ESRD patients undergoing haemodialysis may experience
neurological changes involving both the grey and white
matter.

NAA is thought to be a neuronal marker as it is found
primarily in neurons [24]. A decreased NAA/tCr ratio has
been noted for a variety of diseases, such as Alzheimer’s
disease, brain tumours, multiple sclerosis and brain infarc-
tion [11, 13—15, 25, 26] and may be related to neuronal cell
damage or neurodegeneration. Geissler et al. found a
decreased NAA/tCr ratio for ESRD patients [20]. However,
another report by Michaelis et al. revealed no significant
difference in the NAA/tCr ratio [27]. In our study, there
was no significant difference in the NAA/tCr ratio between
ESRD patients and healthy controls. Several previous
studies, however, revealed a significant decrease in the
NAA/tCr ratio for subjects who demonstrated normal aging
of the human brain [17, 19]. Therefore, normal brain aging
may be an important cause of cerebral metabolic changes
and may account for the discrepancy between our results
and these previous studies, as all of our patients were
50 years of age or younger with essentially normal brain
MRIs.

Previous studies of MRS in ESRD patients revealed a
significant elevation of ml, which is a major osmolyte in the
brain [28]. Elevation of the mI/tCr ratio may be related to the
osmolytic changes seen in dialysis patients. However, it was
also reported that glial cells may be the source of the ml peak
[20]. Therefore, the significant elevation of the mI/tCr ratio

for ESRD patients may be related to either osmolytic changes
associated with haemodialysis or gliosis.

We studied all four cerebral locations, including frontal
grey and white matter, temporal white matter and basal
ganglia, and found similar metabolic changes: specifically,
significant elevations of the Cho/tCr and mI/tCr ratios and
no significant differences in the NAA/tCr ratios. This
suggests that the effect of end-stage renal disease and
haemodialysis on the central nervous system may be
diffuse.

Our study has several limitations. The small sample size
was necessitated by the desire to choose young patients
with ESRD; therefore, we only included 32 patients and 32
healthy controls and this may limit the power of our results.
Furthermore, we were unable to demonstrate a relationship
between the duration of dialysis and the serum metabolic
level. Most of the patients in our study had relatively short
haemodialysis durations because of their young age. In
addition, the cerebral metabolic changes may have been
secondary either to the uraemic status of the patient or to a
haemodialysis effect, and the explicit relationship is still
unclear. A larger follow-up study may provide more
information concerning the relationship between dialysis
duration and the cerebral metabolic changes.

In summary, proton magnetic resonance spectroscopy is
a useful and non-invasive imaging tool for the detection of
early cerebral metabolic changes in presymptomatic ESRD
patients on dialysis, which may be of benefit in improving
the quality of life in these patients.

Acknowledgements This work was supported by a grant from the
Kaohsiung Medical University Hospital of Taiwan (KMUH95-5D45).

References

1. Agildere AM, Kurt A, Yildirim T, Benli

4. Lin CM, Lin JW, Tsai JT, Ko CP, Hung

7. Saindane AM, Cha S, Law M, Xue X,

S, Altinors N (2001) MRI of neurologic
complications in end-stage renal failure
patients on hemodialysis: pictorial re-
view. Eur Radiol 11:1063—-1069

2. Brouns R, De Deyn PP (2004) Neuro-
logical complications in renal failure: a
review. Clin Neurol Neurosurg 107:1—
16

3. Tzamaloukas AH, Agaba EI (2004)
Neurological manifestations of uraemia
and chronic dialysis. Niger J] Med
13:98-105

KS, Hung CC, Su YK, Wei L, Chiu
WT, Lee LM (2008) Intracranial pres-
sure fluctuation during hemodialysis in
renal failure patients with intracranial
hemorrhage. Acta Neurochir Suppl
101:141-144

. Hsieh TJ, Chang JM, Chuang HY, Ko

CH, Hsieh ML, Liu GC, Hsu JS (2009)
End-stage renal disease: in vivo diffu-
sion-tensor imaging of silent white
matter damage. Radiology 252:518-
525

. Teng EL, Hasegawa K, Homma A,

Imai Y, Larson E, Graves A, Sugimoto
K, Yamaguchi T, Sasaki H, Chiu D et al
(1994) The cognitive abilities screening
instrument (CASI): a practical test for
cross-cultural epidemiological studies
of dementia. Int Psychogeriatr 6:45-58
discussion 62

Knopp EA, Zagzag D (2002) Proton
MR spectroscopy of tumefactive de-
myelinating lesions. AINR Am J Neu-
roradiol 23:1378-1386

. Hollingworth W, Medina LS, Lenkinski

RE, Shibata DK, Bernal B, Zurakowski
D, Comstock B, Jarvik JG (2006) A
systematic literature review of magnetic
resonance spectroscopy for the charac-
terization of brain tumors. AJNR Am J
Neuroradiol 27:1404—-1411



1507

11.

12.

13.

14.

. Majos C, Aguilera C, Alonso J, Julia-

Sape M, Castaner S, Sanchez JJ,
Samitier A, Leon A, Rovira A, Arus C
(2009) Proton MR spectroscopy im-
proves discrimination between tumor
and pseudotumoral lesion in solid brain
masses. AINR Am J Neuroradiol
30:544-551

. Majos C, Aguilera C, Cos M, Camins

A, Candiota AP, Delgado-Goni T,
Samitier A, Castaner S, Sanchez JJ,
Mato D, Acebes JJ, Arus C (2009) In
vivo proton magnetic resonance spec-
troscopy of intraventricular tumours of
the brain. Eur Radiol. doi:10.1007/
$00330-009-1357-y

Sijens PE, Mostert JP, Oudkerk M, De
Keyser J (2006) (1)H MR spectroscopy
of the brain in multiple sclerosis
subtypes with analysis of the metabolite
concentrations in gray and white mat-
ter: initial findings. Eur Radiol 16:489—
495

Oguz KK, Kurne A, Aksu AO,
Karabulut E, Serdaroglu A, Teber S,
Haspolat S, Senbil N, Kurul S, Anlar B
(2009) Assessment of citrullinated my-
elin by 1H-MR spectroscopy in early-
onset multiple sclerosis. AJNR Am J
Neuroradiol 30:716-721

Miller BL, Moats RA, Shonk T, Ernst
T, Woolley S, Ross BD (1993) Alz-
heimer disease: depiction of increased
cerebral myo-inositol with proton MR
spectroscopy. Radiology 187:433-437
Frederick BD, Lyoo IK, Satlin A, Ahn
KH, Kim MJ, Yurgelun-Todd DA,
Cohen BM, Renshaw PF (2004) In vivo
proton magnetic resonance spectrosco-
py of the temporal lobe in Alzheimer’s
disease. Prog Neuropsychopharmacol
Biol Psychiatry 28:1313-1322

19.

. Garcia Santos JM, Gavrila D, Antunez

C, Tormo MJ, Salmeron D, Carles R,
Jimenez Veiga J, Parrilla G, Torres del
Rio S, Fortuna L, Navarro C (2008)
Magnetic resonance spectroscopy per-
formance for detection of dementia,
Alzheimer’s disease and mild cognitive
impairment in a community-based sur-
vey. Dement Geriatr Cogn Disord
26:15-25

. Zhu X, Schuff N, Kornak J, Soher B,

Yaffe K, Kramer JH, Ezekiel F, Miller
BL, Jagust WJ, Weiner MW (2006)
Effects of Alzheimer disease on fronto-
parietal brain N-acetyl aspartate and
myo-inositol using magnetic resonance
spectroscopic imaging. Alzheimer Dis
Assoc Disord 20:77-85

. Angelie E, Bonmartin A,

Boudraa A, Gonnaud PM, Mallet JJ,
Sappey-Marinier D (2001) Regional
differences and metabolic changes in
normal aging of the human brain:
proton MR spectroscopic imaging
study. AINR Am J Neuroradiol
22:119-127

. Brooks JC, Roberts N, Kemp GlJ,

Gosney MA, Lye M, Whitehouse GH
(2001) A proton magnetic resonance
spectroscopy study of age-related
changes in frontal lobe metabolite
concentrations. Cereb Cortex 11:598—
605

Gruber S, Pinker K, Riederer F,
Chmelik M, Stadlbauer A, Bittsansky
M, Mlynarik V, Frey R, Serles W,
Bodamer O, Moser E (2008) Metabolic
changes in the normal ageing brain:
consistent findings from short and long
echo time proton spectroscopy. Eur J
Radiol 68:320-327

. Geissler A, Frund R, Kohler S,

Eichhorn HM, Kramer BK, Feuerbach
S (1995) Cerebral metabolite patterns
in dialysis patients: evaluation with H-1
MR spectroscopy. Radiology 194:693—
697

21.

22.

23.

24.

25.

26.

27.

28.

Sasaki O, Hattori N, Nakahama H,
Inoue N, Nakamura S, Inenaga T,
Kohno S, Sawada T, Kawano Y (2006)
Positive correlations between cerebral
choline and renal dysfunction in
chronic renal failure. Neuroradiology
48:300-306

Martinez-Vea A, Salvado E, Bardaji A,
Gutierrez C, Ramos A, Garcia C,
Compte T, Peralta C, Broch M, Pastor
R, Angelet P, Marcas L, Sauri A, Oliver
JA (2006) Silent cerebral white matter
lesions and their relationship with vas-
cular risk factors in middle-aged pre-
dialysis patients with CKD. Am J
Kidney Dis 47:241-250

Savazzi GM, Cusmano F, Musini S
(2001) Cerebral imaging changes in
patients with chronic renal failure
treated conservatively or in hemodial-
ysis. Nephron 89:31-36

Castillo M, Kwock L, Mukherji SK
(1996) Clinical applications of proton
MR spectroscopy. AJNR Am J Neu-
roradiol 17:1-15

Block W, Traber F, Flacke S, Jessen F,
Pohl C, Schild H (2002) In-vivo proton
MR-spectroscopy of the human brain:
assessment of N-acetylaspartate (NAA)
reduction as a marker for neurodegen-
eration. Amino Acids 23:317-323
Miller BL (1991) A review of chemical
issues in 1H NMR spectroscopy: N-
acetyl-L-aspartate, creatine and choline.
NMR Biomed 4:47-52

Michaelis T, Videen JS, Linsey MS,
Ross BD (1996) Dialysis and trans-
plantation affect cerebral abnormalities
of end-stage renal disease. J] Magn
Reson Imaging 6:341-347

Thurston JH, Sherman WR, Hauhart
RE, Kloepper RF (1989) Myo-inositol:
a newly identified nonnitrogenous os-
moregulatory molecule in mammalian
brain. Pediatr Res 26:482-485


dx.doi.org/10.1007/s00330-009-1357-y
dx.doi.org/10.1007/s00330-009-1357-y

	Cerebral metabolic changes in neurologically presymptomatic patients undergoing haemodialysis: in vivo proton MR spectroscopic findings
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Subjects
	MR imaging and MR spectroscopy
	Statistic analyses

	Results
	Description of study subjects
	MR spectroscopy

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


