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Left-Right Information flow in the Brain during EEG arousals
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Abstract—In disorders such as sleep apnea, sleep is
fragmented with frequent EEG-arousal (EEGA) as determined
via changes in the sleep-electroencephalogram. EEGA is a
poorly understood, complicated phenomenon which is critically
important in studying the mysteries of sleep. In this paper we
study the information flow between the left and right
hemispheres of the brain during the EEGA as manifested
through Inter-Hemispheric Asynchrony (IHA) of the surface
EEG. EEG data (using electrodes A1/C4 and A2/C3 of
international 10-20 system) was collected from 5 subjects
undergoing routine Polysomnography (PSG). Spectral
correlation coefficient (R) was computed between EEG data
from two hemispheres for delta-8(0.5-4Hz), theta-6(4.1-8Hz),
alpha-a(8.1-12Hz) & beta-B(12.1-25Hz) frequency bands,
during EEGA events. EEGA were graded in 3 levels as (i)
micro arousals (3—6s), (ii) short arousals (6.1-10s), & (iii) long
arousals (10.1-15s). Our results revealed that in B band, IHA
increases above the baseline after the onset of EEGA and
returns to the baseline after the conclusion of event. Results
indicated that the duration of EEGA events has a direct
influence on the onset of IHA. The latency (L) between the
onset of arousals and IHA were found to be L = 2 + 0.5s (for
micro arousals), 4 + 2.2s (short arousals) and 6.5 * 3.6s (long
arousals).

Keyword—Electroencephalographic arousals, Inter-
hemispheric asynchrony, spectral correlation.
[. INTRODUCTION
Lectroenchephelographic  arousals (EEGA)  are

considered to be one of the main cause of day time
sleepiness. EEGA in sleep is defined as an abrupt shift in
EEG frequency, lasting for >3s, which may include theta,
alpha and frequency greater than 16Hz but not spindles [4].
EEGA are the eclementary components of the
physiological sleep, and all individuals appear to have a
certain number of spontaneous arousals. The line which
distinguishes between disturbed and undisturbed sleep using
EEGA as standard criteria, is yet remains to be established.
In sleep medicine, the term EEGA carries a more general
meaning than ‘waking up’. It is widely recognized that the
arousals play a significant role in determining the
pathophysiology of sleep disorders. According to the criteria
developed by the ASDA, arousals are the marker of sleep
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disruption and such should be treated as detrimental. The
consequences of reoccurring EEGA are fragmented sleep
leading to such complications as day time sleepiness,
morning headache, memory difficulties and lethargy [2].

The characteristics, origin and affects of arousals are
currently under active investigations by sleep clinicians and
basic researchers alike. Researchers have developed various
hypotheses and experimental methods to investigate the
changes in EEG during OSA related EEGA [9-11]. In spite
of EEGA scientific and clinical value, due to poor
understanding of its phenomenon, studies have not
considered the hemispherical difference of EEGA. The issue
of asymmetry of brain has been investigated by group of
researchers [3] [7] [8]. None of theses studies, however,
considered the significance of EEGA on the hemispheric
correlation. In our previous studies on EEGA, we showed
the general variation in IHA during the EEGA affected
periods of sleep [2]. In this paper, we present novel
insights into, how the information flows between the left
and right hemispheres of the brain in EEGA, as
manifested through Inter-hemispheric Asynchrony
(IHA) of the surface EEG.

II. METHODOLOGY

A. Clinical Data Acquisition & EEGA scoring

The clinical data acquisition environment for this work is
the Sleep Diagnostic Laboratory of the Prince Alexandra
Hospital [1] Australia. Patients suspected of suffering from
sleep disordered breathing are referred to the hospital for
routine overnight diagnostic test Polysomnography (PSG).
In a typical PSG test, signals such as ECG, EEG, EMG,
EOG, nasal airflow, respiratory effort, body positions, leg
movements and the blood oxygen saturation are carefully
monitored as shown in Fig.l. Altogether, a PSG test
involves over 15 channels of measurements. Routine PSG
data were recorded using Clinical PSG equipment, Siesta,
Compumedics®, Sydney, Australia. Patient’s preparation,
placement of electrodes and instrumental setup was done by
expert sleep technician. EEG data were recorded from the
cortical regions of both hemispheres using electrode position
C4, C3, Al, and A2 based on the standard international 10-
20 system for electrode placement, with sampling frequency
of 256 Hz. As part of analysis PSG data is manually scored
by a sleep technician according to standard R&K [5] criteria
for determining sleep stages. The ASDA criterion was used
for the scoring of EEGA, formally defined in Appendix.
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B. Artefact Removal
EEG in sleep PSG data may contain several artefacts.
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Fig.1. Sixty seconds of PSG data showing some of the main
physiological signals. (a)-(b) EEGR & EEGL right & left
hemisphere EEG, (¢) Chin EMG, (d)-(e) EOGR & EOGL
measuring right & left eye movement. Y-axis is in mV. It
also shows EEGA event of 9.8s duration.

The two major artefacts usually present in EEG are (i) EMG

interference & (ii) EOG activity.

1)EMG artefacts/Electrical interference/Movement
artefacts— These kinds of artefacts are induced either due
to muscle activity, by local power line interference or due
to head movement of the subject. For this paper we were
interested in frequency band (0.5 — 25Hz), so we used a
10™ order digital Butterworth filter with lower and higher
cut-off frequency f=0.5Hz and f,=25Hz respectively
Fig.2. Filtering will remove the low frequency artefacts
such as movement artefacts & also deals effectively with
high frequency artefacts such as muscle noise and power

(a) Magnitude Responseof Butterworth 10th order filter
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Fig.2. a) Butterworth Filter magnitude response. F/=0.5Hz &
F,=25Hz are the lower and upper cutoff frequency
respectively. b) Frequency response of observed noisy signal,
Xi(n). ¢) Frequency spectrum of filtered signal X'/, free of
S50Hz electrical interference and other higher frequencies.

line interference at S0Hz.
2)EOG artefacts — These are of two kinds, blink artefacts &
eye ball movement artefacts. Since our data is from sleep

EEG data so blink artefacts is less cause of concern. Eye
ball movement artefacts causes’ problem in the EEG
analysis, since they overlap with frequency of EEG. There
are several algorithms in the literature to remove eye ball
movement artefacts [11-12]. But none of these are widely
accepted [11]. The main reason for this is that none of
these algorithms can reliably eliminate EOG artefacts
from EEG data. The method we propose in this paper
depends in computing the correlation between EEG
measured in multiple electrodes. As such, EOG artefacts
can interfere with the results. In order to eliminate the
affect of EOG in our method we followed the following
procedure.

We used EOG rejection method for eliminating EOG
contaminated EEGA events. A threshold € was set. If the
amplitude of EOG during any epoch containing EEGA event
crossed € for more than 10% of the epoch duration, then
that epoch was removed from further analysis. The logic
used is given in equation (1).

max {abs|EOGR (t)] >€],abs| EOGL ;(1)] > €} (1

Where, t is the 10% of the total duration time of epoch,
EOGR and EOGL represent the ocular signal from right and
left eye respectively and j gives the ] EEGA event

C. Calculation of ‘spectral correlation’

The EEG data analyzed were centered on the EEGA, as
identified using ASDA definition. To access the IHA
changes, we calculated the spectral correlation coefficient R,
every t seconds containing ‘I’ samples for frequency bands
of interest. The procedure is as follows,

S1) Let the digitized EEG data during any arousal event,
recorded from hemisphere ‘i’ of the brain during PSG test be
X, where i=L and i=R for left and right hemisphere of the
brain, j represents the j" arousal event.

$2) Pass X/ through digital Butterworth filter, Fig.2 to get
X'J. Reject or accept X'{ using equation eq.(1) and logic
described in section 2.B. Let resulting filtered signal be X";.
S3) To normalize the time difference in the duration of the
EEGA event, we defined a normalizing factor which breaks
X'J, into m blocks of size ‘I’ samples. This normalizing
factor will be equal to m. We called this normalized time as
‘normalized time unit’.

S4) Estimate the Fourier Transform of X'’j(m) and obtain
amplitude spectrum defined by Y{(m). Separate Y{(m) into
k frequency band. Here k= Delta-5(0.5-4Hz), Theta-6(4.1-
8Hz), Alpha-a(8.1-12Hz) & Beta-p(12.1-25Hz). Let
resulting spectral magnitude be denoted by Y;™(m) and
Y*(m), where ‘L’ and ‘R’ signifies the left and right
hemisphere respectively.

S5) Calculate the spectral correlation coefficient using (2)
for m blocks as given by:

D)~V mD)<(¥ (m)-Y/ (nD)]
\/ZIYJ(MD Y mD T xD]¥ (mD-Y/ (n )T

$6) Average out R¥(m) to get R.

R*m)= Q)
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III. RESULT AND DISCUSSION

PSG data from five subjects was analyzed. Two of the
subjects were diagnosed with apnea syndrome after PSG
test. Other 3 were found to be normal. Altogether 475
EEGA events were analyzed from 5 subjects. In all 103
EEGA events were rejected from further analysis due to
artefacts, according to the criteria established in section 2B.
The EEGA events from each subjects were divided into 3
groups according to the duration of event as follows, (i)
micro-arousal 3-6s, (ii) short arousals 6.1-10s, (iii) long
arousals 10.1-15s. EEGA events longer than 15s are
considered as awake periods according to ASDA and R&K
scoring criteria, hence were excluded from this study.

To investigate the variation of R with occurrences of
EEGA, we centered our attention on periods around the
EEGA events. Change in R represents a corresponding

other frequency bands too i.e. 0 and a behavior of IHA was

similar to .

The latency (L) between the onset of arousals and induced
IHA were found to be different in various arousals groups in
B band. L = 2 + 0.5s (for micro arousals), 4 = 2.2s (short
arousals) and 6.5 + 3.6s (long arousals). In order to
minimize the error introduced due to the subjective nature of
the EEG scoring procedure, we used a single expert medical
technologist in marking of EEGA events.

Fig.3, Fig.4 and Fig.5 lead to the following observations:

e EEGA events are associated with increase in IHA of the
brain, in the beta frequency band, as indicated by a
lowering of correlation coefficients.

o Induced IHA depends on the duration of EEGA.

o [HA assumes its largest value, on average, in middle of
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Fig.3. Variation in IHA during different EEGA group, for two subjects in 3 band. Y-axis represents the spectral
correlation coefficient calculated between left and right hemispheres of brain. X-axis is normalized time unit (see section 2b
C. s4). Each EEGA event was segmented into ‘m’ blocks of length ‘I’ sample, section 2 C. Here m=20.

inverse variation in the IHA of the brain. We studied the
IHA behavior for all 4 frequency bands, Delta-6 (0.5-4Hz),
Theta-6 (4.1-8Hz), Alpha-a (8.1-12Hz) & Beta-f (12.1-
25Hz) during EEGA events. All the bands exhibited
different pattern of IHA changes. Most systematic and
remarkable variation in [HA was seen in 3 frequency band.
Figure 3 shows the variation of IHA during EEGA events
with different length groups for 2 subjects in f§ band. Each
group displayed a uniform pattern of IHA changes.
According to Fig.3 IHA between the left and right
hemispheres of brain increased after the onset of EEGA
event. Somewhere during the event it acquires maximum
value, creating a ditch before the end of event. Towards the
end of the EEGA events, the IHA started returning towards
its baseline value. Figure 4 shows corresponding average R
for all 5 patients analyzed. Figure 5 presents the average
IHA pattern calculated over 5 subjects in different EEGA
groups for & band. From the Fig.5 it can be observed that &
band have inconsistent and insignificant variation in IHA. In
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Fig.4. Average spectral correlation coefficient for all the 5
subjects studied, showing general variation in IHA, with
different EEGA event duration. Y-axis represents the spectral
correlation coefficient calculated between left and right
hemispheres of brain. X-axis is normalized time unit (see
section 2b C. S3) Error bar shows the standard deviation.
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event and returns to baseline towards the end of event.
e No significant IHA pattern is recognized in §, 0, & o
band.
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Fig.5. R for all the 5 subjects studied in 6 band, showing
variation in IHA, with different EEGA event duration. Y-
axis represents the spectral correlation coefficient calculated
between left and right hemispheres of brain. X-axis is
normalized time unit. No significant pattern was identified
for 9, 0, a frequency band.

Spectral correlation (R)

The strong asymmetry in the beta frequency band during the
EEGA episodes is a significant finding. These results
indicate that the macro-analysis of sleep without considering
the effects of EEGA is insufficient to understand how the
brain behaves. We expect our result to contribute
significantly towards analyzing information flow in the brain
in the presence of sleep disorder such as sleep Apnea
syndrome. However, at this time we are unable to offer an
unequivocal explanation as to why asymmetry develops in
the brain during EEGA. We are currently further
investigating the behavior of IHA in other frequency bands,
and trying to distinguish between individual EEGA events
and those associated with apnea episodes. Our results were
described by a statistical analysis of over 475 arousal events
recorded from five patients. We are currently expanding the
number of subjects to improve the validity of our results.

IV. CONCLUSION

We investigated the inter-hemispheric asymmetry of the
brain during EEG-arousals. PSG data from five subjects
referred to Sleep Diagnostic laboratory for routine
Polysomnography was studied. EEG asymmetry was
determined via the spectral correlation coefficient of data,
which computed the correlation between EEG measured
from the two hemispheres of brain. Our results revealed that
in B frequency band IHA increases above the baseline after
the onset of an EEGA and returns to the baseline after the
conclusion of event. Results indicated that the duration of
EEGA events has a direct influence on the onset of THA.
This signifies that EEG-arousals should be considered as
another dimension in sleep analysis.

APPENDIX
1. Definitions of EEG Arousals [Michael B. et al 1992]

EEG Arousal is defined as abrupt shift in EEG frequency,

which may include theta, alpha activity and/or frequencies

greater than 16Hz (but not sleep spindles) subjected to the

following scoring rules:

= The subject must be asleep for a minimum period of 10s
before declaring an Arousal event,

» EEG frequency shift must be sustained for > 3s, and

= EEG arousal from REM sleep requires presence of
simultaneous increase in the sub-mental EMG amplitude.

2. Definition of the Arousal Index (AI)

The average number of EEGA events per hour of sleep,

computed over the total sleep period, is termed as Al.

3. Obstructive sleep apnoea-Hypopnea syndrome

OSAHS is characterized by recurrent episodes of partial or

complete upper airway obstruction during sleep. This

manifest as reduction or complete cessation of airflow

despite ongoing inspiration efforts.

ACKNOWLEDGEMENT

The author wish to thank Dr. Craig Hukins, Ms. Lyn Fraser
and Kevin Hanssen, Princess Alexandra Hospital, Australia
for access to routine PSG data. This work was partly
sponsored by a University of Queensland Early Career
Researcher Grant (#2003001515) to the second author.

REFERENCES

[1] Abeyratne U R, Karunajeewa A S and Hukins C, “ Higher-order
spectra for the estimation of total-airway-response (TAR) in snore-
based diagnosis of apnoea,” 8th Int. Conf. on Control, Automation,
Robotics and Vision (Kunming, People’s Republic of China)

[2] Vinayak S, and Abeyratne U R, “Statistical analysis of EEG arousals
in sleep apnea syndrome,” 24™ IASTED international multi-
conference biomedical engineering, 2006, pp. 282-287.

[3] Barcaro U, Denoth F, Murri L, Navona C, and Stefanini A “Changes
in the interhemispheric correlation during sleep in normal subjects”
Electrocephalography and Clinical Neurophysiology 1986 63 112-18.

[4] Michael Bonnet et. al. “ASDA Report EEG Arousals: Scoring Rules
and Examples” Sleep 1992 15(2): 173-184.

[5] Rechtschaffen A and Kales A A manual of standardized terminology
and scoring system for sleep stages of human subjects Brain
Information Service/Brain Research Institue, University of California
at Los Angles 1968 Publication number 204.

[6] Bloch K E Polysomnography: a systematic review Technology and
health care 1997, 5 285-305.

[71 Bolduc C, Daoust A M, Limoges E, Gingras M A, Braun C M J and
Godbout R 2002pp A Study of EEG Hemispheric Asymmetry During
REM Sleep in Young Healthy Adults International Journal of
Bioelectromagnetism 4(2) 145-46

[8] Corinne R, Achermann P and Borbely A A 1999 Frequency and state
specific hemispheric asymmetries in the human sleep EEG
Neuroscience Letters 271 139-42.

[9] Dingli K, Assimakopoulos T, Fietze I, Witt C, Wraith P K and
Douglas N J 2002 Electroencephalographic spectral analysis:
detection of cortical activity changes in sleep apnoea patients
European Respiratory Journal 20 1246-53.

[10] Svanborg E and Guilleminault C 1996 EEG frequency changes during
sleep apneas Sleep 19(3) 248-254

[11] Jerwis B W, Nichols M J et al The assessment of two method for
removing EYE  movement artefact from the EEG,
Electroencephalography and clincl. Neuro.; 1985, 61:444-452

[12] Woestenburg J C, Verbaten M N and Slangen J L. The removal of the
ey-movement artefact from the EEG by regression analysisin the
frequency domain, Biological physiology 16 (1983) 127-147.

6136



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /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 /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


