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Abstract—Left ventricular ejection fraction (EF) is perhaps
the most clinically significant index of global ventricular
function. EF is measured in clinical practice via imaging
methods such as echocardiography. However, these methods
generally require a well-trained operator and expensive capital
equipment. Thus, EF measurements are only obtained in the
clinical setting and are usually made few and far between. To
expand the measurement of this critical hemodynamic variable,
our overarching hypothesis is that EF may be continuously (i.e.,
automatically) monitored by mathematical analysis of routinely
measured blood pressure waveforms. Here, we introduce a
novel technique for estimating the absolute EF by model-based
analysis of only a central aortic pressure (CAP) waveform. We
then demonstrate the validity of the technique with respect to
five conscious dogs in which reference EF was independently
measured before and after chronic pacing induced heart
failure. With further successful testing, the technique may
potentially be utilized for continuous EF monitoring in
research and clinical settings in which an aortic catheter is
employed as well as for ambulatory EF monitoring in
conjunction with recently developed implantable devices for
measuring CAP.

1. INTRODUCTION

EFT ventricular ejection fraction (EF) — the ratio of the
stroke volume (SV) to the left ventricular end-diastolic
volume (EDV) — is perhaps the most clinically
significant index of global ventricular function [1]. For
example, epidemiological data have shown a powerful
curvilinear relationship between EF and outcome in
outpatients with heart failure [2]. Moreover, an EF of less
than or equal to 30% has recently been recommended for
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determining which post-myocardial infarction patients
should be implanted with a potentially life-saving, but very
expensive, defibrillator [3].

Several methods are available for measuring EF or
ventricular volume from which EF may be trivially
computed. In clinical practice, EF is determined by imaging
the left ventricular volume [4]. Perhaps, the most commonly
used imaging method is trans-thoracic echocardiography,
which is totally non-invasive. However, imaging methods
generally share the major disadvantages of requiring a well-
trained operator as well as bulky and expensive equipment.
Thus, EF measurements are only obtained in the clinical
setting and are usually made few and far between (e.g., days
to months). While a few methods have been introduced for
continuous (i.e., automatic) monitoring of left ventricular
volume (e.g, non-imaging nuclear monitoring [5],
conductance catheter [6], and sonomicrometry [7]), these
methods suffer from significant limitations (e.g., high level
of invasiveness) that have prevented them from replacing or
even complementing imaging methods in clinical practice.
A convenient method for continuous EF monitoring with a
level of invasiveness suitable for clinical application is
therefore needed to expand the measurement of this critical
hemodynamic variable.

To this end, our overarching hypothesis is that EF may be
continuously monitored by mathematical analysis of
routinely measured blood pressure waveforms. Here, we
specifically introduce a novel technique to estimate absolute
EF by model-based analysis of only a central aortic pressure
(CAP) waveform. We then demonstrate the validity of the
technique with respect to five conscious dogs in which
reference EF was independently measured before and after
chronic pacing induced heart failure.

II. MODEL-BASED ANALYSIS TECHNIQUE

Our technique for continuously monitoring EF is generally
implemented according to the following three steps. First, a
CAP waveform is measured and sampled using any of the
available methods. Then, the parameters of a circulatory
model are estimated to within a proportionality constant by
fitting the model to the CAP samples. Finally, absolute EF
is computed from the proportional left ventricular parameter
estimates and the CAP samples.

The CAP samples are specifically fitted with the lumped
parameter model of the left ventricle (lv) and arteries (a)
shown in Fig. 1 in electrical analog form, where voltage is
analogous to pressure (P), charge, to volume (V), and
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provide a good approximation of CAP, as the confounding
effects of wave reflections in the central aorta are relatively
small [8]. For example, consistent with the model
prediction, the diastolic intervals of experimental CAP
waveforms have been shown to resemble pure exponential
decays [9]. In particular, in the circulatory model, the left
ventricle is represented with the well-known variable
elastance (E or capacitance C = 1/E) model whose elastance
oscillates over time (t) so as to drive the flow of blood [10].
The left ventricular outflow (aortic) valve is modeled by an
ideal diode in order to ensure uni-directional blood flow.
The arteries are represented with a Windkessel model
accounting for the volume storage capacity of the large
arteries and the resistance (R) to flow of the small arteries
[8]. In addition to a capacitance, the left ventricle and large
arteries are parameterized with an unstressed (0) volume
(i.e., zero-pressure filling volume). Key assumptions
underlying the model are that its parameters are constant
over each cardiac cycle (e.g., C, has been shown to be nearly
constant over a wide pressure range and on the time scale of
months to years [9][10]) and that aortic stenosis is absent
(i.e., P(t)=P(t)=P,(t) during the systolic ejection phase).
The dynamic equation governing the model during the
systolic ejection phase is therefore given as follows:

P(bs) _ P(t) B
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where 7=R,C,, while t = bs and t = es respectively denote the
beginning and end of the systolic ejection phase.
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Fig. 1. Lumped parameter model of the left ventricle (Iv) and arteries
(a) in electrical analog form. P is pressure; E, elastance; C = 1/E,
capacitance; R, resistance, and t, time.

To fit the model to the CAP samples so as to estimate its
parameters, Equation (1) is discretized by approximation of
the integral via the trapezoidal formula as follows:
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Here, T is the sampling period, n = 0 corresponds to the first
sample in the systolic ejection phase for which t > bs, and n
= N corresponds to the last sample in the systolic ejection
phase for which t < es. The sampling period T and the CAP
samples P(nT) for 0 < n < N are known (through
measurement and sampling), while the proportional model
parameters, T and C,E,(nT) for 0 < n < N (with
proportionality constant C,), are unknown. It is evident that
Equation (2) does not provide a basis for uniquely
determining the unknown parameters from the known CAP
samples, as it represents an underdetermined set of equations
with N equations and N+2 unknowns.

Thus, a further assumption of the model of Fig. | is a
specific parametric function that succinctly characterizes the
temporal evolution of E;(t) over each cardiac cycle so as to
result in a solvable (i.e., overdetermined) set of equations.
This assumption is based on the compelling experimental
and computational studies of Senzaki et al. [12] and Heldt et
al. [13]. Senzaki et al. specifically showed that
experimentally measured, time-varying ventricular elastance
functions, normalized both in amplitude and time, are
“remarkably consistent” in 87 patients despite extremely
wide variations in their ventricular state. Heldt et al.
subsequently  demonstrated that these normalized
experimental elastance data could be well represented,
especially during the systolic ejection phase (i.e., the higher
normalized elastance range), with the following parametric
raised cosine function:
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where E,., and E,;, are parameters respectively representing
the maximum and minimum ventricular elastances over a
cardiac cycle, and T, is a parameter indicating the time
duration to reach E,, from E.;, (see Fig. 2). Substituting
Equation (3) into Equation (2) reduces the number of
unknown parameters to five (T, C,Enax, CiEmin, C.E(0), and
Ty). Additionally, C,E.;, is assumed to be equal to
0.05-C,E.x so as to further reduce the number of unknown
parameters to four. This assumption is based on the data in
Fig. 2 and the fact that the estimation of C,E,y;, is likely to be
unreliable here, as it would essentially be based on an
extrapolation. That is, C,E, is not directly “seen” by CAP.

The four unknown parameters are specifically estimated
on a beat-to-beat basis in two steps. In the first step, T is
estimated from each diastolic interval of the CAP samples.
More specifically, the model of Fig. 1 predicts that CAP
should decay like a pure exponential during each diastolic
interval with a time constant equal to T. Thus, T is
determined by least squares fitting of a mono-exponential
function to each diastolic CAP interval. Optimal fitting is



achieved analytically after log transformation of the diastolic
CAP samples. In the second step, the estimated value of T is
plugged into Equation (2), and the three left ventricular
parameters (C,E ., C.Ei(0), and T,) are estimated by least
squares fitting of the resulting equation to each systolic
ejection interval of the CAP samples. Optimal fitting is
achieved via a two-dimensional numerical search, as the
fitting equation here is linear in the parameter C,E .
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Fig. 2. Time-varying left ventricular elastance function E;(t),

normalized in time by T and in amplitude by E.x. The discrete-time
data (dots with bars) represent group average experimental data from
87 human subjects with a wide variety of cardiac states [12], while
the continuous-time function is a plot of the parametric raised cosine
function given in Equation (3). Adapted from [13].

With the resulting proportional, parametric left ventricular
elastance function estimate during the systolic ejection
phase, C,E;(nT) for 0 < n < N, and the CAP samples P(t),
absolute EF is computed (through cancellation of the
proportionality constant C,) based on the following equation:
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Note that V,¢/C, in this equation, which represents
proportional, unstressed ventricular volume, is not estimated
from the CAP samples. However, this parameter is normally
much smaller than EDV/C, (e.g., about a magnitude smaller)
[14][15]. Thus, Vix/C, may be assumed to be zero or, as
done here, set equal to a nominal value reported in the
literature so as to reduce any estimation bias.

Alternatively, V},,/C, may be measured by first obtaining
an independent measurement of EF via imaging and then
finding the value of V,,/C, that makes the EF estimated
from the CAP samples equal to the independent EF
measurement. In this case, the value determined for Vi,,/C,
may be utilized to compute subsequent EF estimates by CAP
waveform analysis, and large changes in these EF estimates

over time may, in turn, suggest when to re-image the heart.
This alternative approach may be preferred in patients with
dilated cardiomyopathy. It may also be possible that the
ratio of SV to stressed EDV (i.e., Vi,0/C, = 0) could be a
more valuable indicator of global ventricular function.

III. METHODS

A. Experimental Procedures

The hemodynamic data utilized here to evaluate the
model-based analysis technique were originally collected to
address different specific aims, and much of the materials
and methods are presented in detail elsewhere [16]. We
briefly describe below the most basic aspects of the
experimental procedures that were relevant to the present
study. All procedures were reviewed and approved by the
Wayne State University Animal Investigation Committee.

Five adult mongrel dogs (20-25 kg) of either gender were
studied as follows. Chronic instrumentation was installed in
each dog including a catheter in the aorta for CAP, an
ultrasonic flow probe around the ascending aorta for SV,
two pairs of sonomicrometry crystals on the opposite sides
of the endocardium for left ventricular volume (via a
geometric assumption), and three stainless steel electrodes
on the right ventricular free wall for ventricular pacing.
After recovery from the surgery, the hemodynamic data
were continuously recorded and sampled at 300 Hz while the
dog was standing quietly. Then, a chronic pacing protocol
was initiated (to induce heart failure and thereby reduce EF)
in which the ventricular pacing rate was set to 240-250 bpm
for a period of three to four weeks. Finally, the
hemodynamic data were again collected as described above.

B. Data Analysis

To benchmark technique performance, the mathematical
analysis was applied to a 30 to 90 second segment of the
measured and sampled CAP waveform from each dog in
which the diastolic intervals visually resembled exponential
decays. EF was computed for each beat in each analyzed
segment with Vi,(/C, set to 10 mmHg in accordance with
data from the literature [9][10]. The beat-to-beat EF
estimates were then averaged over each analyzed segment.
For comparison, reference average EF over the same time
segment was independently obtained by dividing the average
SV via the aortic flow probe with the average EDV via
sonomicrometry.

IV. RESULTS

Fig. 3 shows examples of the analyzed CAP waveform
segments from two of the studied dogs. Fig. 4 illustrates the
average EF estimated by applying the technique to the CAP
waveform segments plotted against reference EF from all
five dogs. These results indicate that the technique, in
general, agrees quite well with the much more invasive
reference method. Moreover, this close agreement was
obtained even though the analyzed CAP waveform segments
did not always possess perfect exponential diastolic decays.
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The technique did consistently overestimate EF following
the chronic pacing, perhaps because of an increase in Vi,/C,
due to ventricular dilatation. Importantly, however, the
overestimation was small enough that the technique was still
able to detect a significant reduction in EF caused by the
chronic pacing.
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Fig. 3. Examples of the measured and analyzed central aortic

pressure (CAP) waveform segments from two of the studied dogs.
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Fig. 4. Summary of the results for all five of the studied dogs in
which absolute left ventricular ejection fraction (EF) estimated by
applying the mathematical analysis technique to the measured central
aortic pressure waveform segments is plotted against reference EF
obtained from simultaneous aortic flow probe and sonomicrometry
measurements.

V. SUMMARY AND CONCLUSIONS

In summary, we have introduced a novel technique for
estimating the absolute EF by model-based analysis of only
a CAP waveform. We have demonstrated the validity of the
technique with respect to five conscious dogs in which
reference EF was independently measured before and after
chronic pacing induced heart failure. With further
successful animal and human testing, the technique may
potentially be utilized in lieu of, or at least as a complement
to, imaging methods so as to permit continuous EF
monitoring in research and clinical settings in which an
aortic catheter is employed as well as for ambulatory EF

monitoring in conjunction with recently developed
implantable devices for measuring CAP [17]. Finally, we
note that the clinical applicability of the technique may be
further expanded, by future adaptation of the technique to
more readily available peripheral arterial pressure
waveforms.

REFERENCES

[11 A.M. Katz. Physiology of the Heart. New York: Raven Press, 1992.

[2] J. P. Curtis, S. 1. Sokol, Y. Wang, S. S. Rathore, D. T. Ko, F.
Jadbabaie, E. L. Portnay, S. J. Marshalko, M. J. Radford, and H. M.
Krumholz, “The association of left ventricular ejection fraction,
mortality, and cause of death in stable outpatients with heart failure.,”
J. Am. Coll. Cardiol., vol. 42, no. 4, pp. 736-742, 2003.

[31 A. J. Moss, W. Zareba, W. J. Hall, H. Klein, D. J. Wilber, D. S.
Cannom, J. P. Daubert, S. L. Higgins, M. W. Brown, and M. L.
Andrews, “Prophylactic implantation of a defibrillator in patients with
myocardial infarction and reduced ejection fraction,” N. Engl. J. Med.,
vol. 346, no. 12, pp. 877-883,2002.

[4] J. A. Rumberger, T. Behrenbeck, M. R. Bell, J. F. Breen, D. L.
Johnston, D. R. Holmes, and M. Enriquez-Sarano, “Determination of
ventricular ejection fraction: a comparison of available imaging
methods,” Mayo Clin. Proc., vol. 72, pp. 860-870, 1997.

[51 S. Dellegrottaglie, P. P. Filardi, L. Pace, M. P. Ponticelli, L. Corrado,
M. Cafiero, M. Polimeno, R. Camerino, and M. Chiariello, “Non-
imaging nuclear monitoring of left ventricular function: twenty-five
years of technical development and clinical experience,” Ital. Heart J.,
vol. 3, no. 5, pp. 300-307, 2002.

[6] D. Burkhoff, “The conductance method of left ventricular volume
estimation methodologic  limitations put into perspective,”
Circulation, vol. 81, no. 2, pp. 703-706, 1990.

[71 R. F. Rushmer, D. L. Franklin, and R. M. Ellis, “Left ventricular
dimensions recorded by sonocardiometry,” Circ. Res., vol. 4, pp. 684-
688, 1956.

[8] A. Noordergraaf.
Academic Press, 1978.

[91 M. J. Bourgeois, B. K. Gilbert, G. von Bernuth, and E. H. Wood,
“Continuous determination of beat-to-beat stroke volume from aortic
pressure pulses in the dog,” Circ. Res., vol. 39, no. 1, pp. 15-24, 1976.

[10] K. Sagawa, H. Suga, A. A. Shoukas, and K. M. Bakalar, “End-systolic
pressure/volume ratio: a new index of ventricular contractility,” Am.
J. Cardiol., vol. 40, pp. 748-753, 1977.

[11] P. Hallock and J. C. Benson, “Studies on the elastic properties of
human isolated aorta,” Am. J. Physiol., vol. 16, pp. 595-602, 1937.

[12] H. Senzaki, C-H. Chen, and D. A. Kass, “Single-beat estimation of

end-systolic pressure-volume relation in humans. a new method with

the potential for noninvasive application,” Circulation, vol. 94, pp.

2497-2506, 1996.

T. Heldt, E. B. Shim, R. D. Kamm, and R. G. Mark, “Computational

modeling of cardiovascular response to orthostatic stress,” J. Appl.

Physiol., vol. 92, no. 3, pp. 1239-1254,2002.

[14] T. L. Davis, “Teaching Physiology Through Interactive Simulation of
Hemodynamics,” S. M. thesis, Dept. of EECS, MIT, Cambridge, MA,
1991.

[15] D. A. Kass, M. Midei, W. Graves, J. A. Brinker, and W. L. Maughan,
“Use of a conductance (volume) catheter and transient vena caval
occlusion for rapid determination of pressure-volume relationships in
man,” Cath. Cardiovasc. Diagn.,vol. 15, pp. 192-202, 1988.

[16] J. A. Sala-Mercado, R. L. Hammond, J. K. Kim, N. F. Rossi, L. W.
Stephenson, and D. S. O’Leary, “Muscle metaboreflex control of
ventricular contractility during dynamic exercise,” Am. J. Physiol.,
vol. 290, no. 2, pp. 751-757, 2006.

[17] http://www.mems-issys.com/html/implantable.html

Circulatory System Dynamics. New York:

[13

—

623



	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


