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M. Davidl, F. Pracca® and F. Simini’

"'Nucleo de Ingenieria Biomédica, Universidad de la Republica, Montevideo, URUGUAY
2 Departamento de Medicina Intensiva, Facultad de Medicina, Universidad de la Republica, Montevideo, URUGUAY

Abstract— Abdominal hypertension can complicate critical
care conditions. If untreated and sustained, abdominal
hypertension can lead to the abdominal compartment
syndrome with its high morbidity and mortality. Treatment of
severe abdominal hypertension is often surgical. We designed
ABDOPRE, a system to non-invasively lower abdominal
pressure. A bell-shaped chamber is applied on the patient’s
abdomen and by means of a vacuum pump a negative pressure
is generated in the chamber outside the abdomen. ABDOPRE
senses intra-abdominal pressure from an indwelling urinary
bladder catheter. The desired value of abdominal pressure and
the time allowed to reach this value are entered into the system
which servo-controls the vacuum pump, according to
treatment protocols. Pressure data of the
monitoring/treatment sessions are recorded to allow review of
patient response and a daily report is available for the
Electronic Medical Record. Preliminary observations were
made on intensive care patients.
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I. INTRODUCTION

Interest in intra-abdominal pressure (IAP) and its non-
invasive measurement by means of a urinary bladder
catheter can be traced as far back as 1858 (Mosso) and 1882
(Pelacani), (both quoted in [1]).

It is recognized that intra-abdominal hypertension (IAH)
occurs in a variety of critical medical and surgical
conditions. If sustained, high IAP can lead to the abdominal
compartment syndrome (ACS) [2, 3], i.e. intra-abdominal
organ dysfunction resulting from IAH-induced organ hypo-
perfusion, a condition with high morbidity and mortality.
This occurs when [AP exceeds perfusion pressure.

The aetiology, definition and grading of IAP and its
relation to the ACS have been the object of an International
Consensus Conference [4, 5]. IAP 10-20 mmHg alters
abdominal blood flow without clinical effects. Above 20
mmHg, abdominal organ perfusion is jeopardized with
complications that may be avoided by abdominal
decompression.

Monitoring IAP is indicated in patients at risk of
developing IAH and the ACS. Treatment of IAH reduces
the incidence of the ACS and improves prognosis. Surgical
decompression is at present the gold standard in the
treatment of the ACS [3]. Abdominal perimeter and skin
tension have been discarded as indicators of IAH [4].

We developed a non-invasive device called ABDOPRE
(short for ABDOminal PREssure) to reduce IAP [7, §]. The
device consists of a Plexiglas bell placed air-tightly on the
patient’s abdomen, resting on the bones framing the
abdomen. The bell is connected to a vacuum pump.
Negative pressure in the bell lifts the abdominal wall, i.e. it
increases intra-abdominal volume thereby reducing IAP.

1. STATE OF THE ART

The concept of IAP and the risks of IAH are familiar
among intensivists. Some papers have addressed relief of
IAH by means of externally applied negative pressure in
haemodynamically stable patients [9, 10, 11, 12]. However,
no dedicated system exists to servo-control IAP. No clinical
outcome results appear to have been published. There exist
no clinical trials evaluating the safety and efficacy of
reducing IAP by non-invasive means.

A patent has been filed which concerns the mechanical
design of a device applying negative pressure over the
abdomen [12]. In 2003 TAP was shown to be reduced in
adult Intensive Care Unit (ICU) haemodynamic stable
patients by means of negative external pressure [9], a
negative pressure whose absolute value was equal to IAP +
10 cmH20 caused IAP to decrease by 8.7+44.3 mmHg. No
cardiac output variations were detected. Continuous
application of negative pressure over the abdomen increases
lung volume and causes changes in intra-thoracic blood
flow [11].

A Consensus Conference defined IAH and published
recommendations for its treatment [4, 5]. IAP is defined as
the pressure in the abdominal cavity, it is expressed in
mmHg and should be measured in the absence of muscular
contraction of the abdominal wall. It is measured by means
of a urinary bladder catheter, i.e. it is considered equal to
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the pressure in the fluid-containing bladder. Normal IAP in
adult patients is 5-7 mmHg.

Abdominal hypertension is defined as IAP constantly
above 12 mmHg. It is graded as follows:
Grade 1: 12-15 mmHg,
Grade 2: 16-20 mmHg,
Grade 3: 21-25 mmHg,
Grade 4: above 25 mmHg.

I1I. SPECIFICATIONS AND DESIGN

The system has four functional blocks: a vacuum
chamber, a signal acquisition part, a control part, and a user
interface, including a graphic user interface (GUI) and a
clinical record (Figure 1).
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Catheter Vacuun Bell
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Fig. 1 Blocks of ABDOPRE. The Optional “Velcro” belt is used to keep
the bell in place when no negative pressure is applied. (GUI: Graphic User
Interface. ECR: Electronic Clinical Record. LAN: Local Area Network).

The chamber is rigid, transparent, and fits the abdomen air-
tightly. Inside the chamber a negative pressure with respect
to atmospheric pressure is generated by a vacuum pump.
During operation it lifts the abdominal wall and reduces
IAP. We measured IAP by means of Kron's urethral catheter
(1984) [13], used by Iberti (1989) [14], and modified by
Cheatham (1998) [15]. The volume of saline solution we
placed in the bladder to measure IAP was 50-100 ml.
Measuring IAP in ICU patients is recommended [16].

IFMBE Proceedings Vol. 37

M. David, F. Pracca, and F. Simini

We connected the catheter to the transducer sending
signals to the control block operating the vacuum pump. All
signals are displayed on the GUI and recorded in the log.

ABDOPRE allows adopting different treatment
protocols for different patients, by setting the following
parameters:

1. Desired value for IAP,

2. IAP tolerance (e.g. 0.4 mmHg),

3. Duration of treatment (in minutes),

4. End of treatment instructions (restart, change
protocol or stop).

ABDOPRE displays and graphs IAP and its set value.
At the end of each treatment a document is created for the
records.

IV. PROBLEM MODELLING

The abdomen is considered a compartment filled with
gases and liquids. According to Pascal's law, pressure is
homogeneous in it. We modelled the abdomen as a cuboid
body whose only non-rigid wall is its anterior wall, i.e. the
anterior wall is considered compressible.

Admitting abdominal temperature is constant, regardless
of changes in volume and pressure, we consider the
abdomen as a compressible body which obeys the
isothermal compression equation:

Br=-1/V (8V/5P)r 1)
where PBris the adiabatic compressibility constant.

We showed that volume changes within the chamber
are directly proportional to pressure variations in it, i.e. that
abdominal volume changes are directly proportional to
variations of external abdominal pressure.

Let Br=-1/V, (0V./OP)r 2)
where V, is the abdominal volume, P is the external
pressure over the abdomen and T the temperature in it.

Since T is constant, we get:

Pr.dP=-(dV./V,) 3)
Therefore, Br. AP =-log [(Vat AV,)/ Vyl 4)
But: V.<<V.o
therefore: Br.AP=-{[(Vaot AV, /Vyo]-1 1} (5
Since total volume (abdomen & chamber) is constant:
dv,=-dV,
where V. is the chamber volume,
Pr. AP =-(AV/ Vy) (6)
Letting K = (1 /BrVa) we get:
K.AV, = - AP (7)

By varying P (pressure inside the chamber, i.e. outside the
abdomen) abdominal volume varies proportionally. When P
is reduced V, increases.
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Assuming abdominal gases obey the Ideal Gas Law,
reducing P reduces intra-abdominal pressure. Let P, be IAP:
P..V=nRT
where T = 300 K, n is the number of gas moles and R the

universal gas constant. Therefore,

dP,.=-(n.R.T/V?).dV (8)
where V is the volume of gas, since we consider liquids to
be uncompressible; dV is the change in abdominal volume,
so dV = dV,. Therefore, from equation (7) we get:

dP,=-(RT/V?*).(-dP/K)  (9)
Keeping the assumption V >>dV ,

dpP,=C.dP (10)

where C > 0. In other words when reducing the pressure in
the chamber, [AP is proportionally reduced.

V. VACUUM CHAMBER

The vacuum chamber of ABDOPRE rests on the rigid
structures framing the abdomen: distal sternum, costal
arches, anterior superior iliac spines and pubic symphysis.
In order to generate a negative pressure (compared to
atmospheric pressure) outside the abdomen and therefore to
reduce IAP the bell must be stiff to support the differential
pressure without deforming. It must be light to minimise
discomfort to the patient. It must be high enough to
accommodate the patient’s abdomen when it is lifted by
negative pressure (Figure 2.), but not too tall in order not to
interfere with bed-side activities.

The chamber must be transparent in order to allow
continuous observation of the abdomen (e.g. immediately
detect the development of an abdominal hernia - umbilical
or other - caused by negative pressure). Bell-patient contact
must be hypoallergenic and non-traumatic. An appropriate,
curved, rubber-covered contour proved to be air-tight.

Tubes connecting the chamber with the vacuum pump
and pressure transducers are placed in comfortable positions
for operation, at the distal part of the abdomen. A handle is
placed at the top of the chamber.

VI. CONTROL SYSTEM

We designed a control system by means of a stable
routine. Maximum and minimum acceptable IAP values are
set. We called the difference between these two values “IAP
tolerance”. The pump is turned on and off according to
whether measured IAP lies within this tolerance or not. This
method does not depend upon any (inevitable) air leak into
the chamber. After reaching a set IAP value the system
operates to keep it within the tolerance interval.
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VII. ELECTRICAL SAFETY CONSIDERATIONS

According to international standard IEC-60601,
ABDOPRE can be classified as Class I, Type BF [17].
Since the first prototype worked using a computer, which
may be plugged to the power network, insulation amplifiers
were used for interfacing patient signals to the A/D circuits.
Instrument DALE600 was used to measure leakage
currents. Earth leakage and catheter-earth leakage currents
were below 3uA, i.e. within IEC-60601 safety limits.

VIII. FIRST APPLICATIONS

After obtaining Ethics Committee approval, ICU patients
were selected according to a protocol to have IAP measured
and lowered by ABDOPRE. Results are reported in a
companion paper [18], a patient treated with ABDOPRE is
shown (Figure 2, IAP down from 14 to 9 mmHg).

IX. DiscussioN

We developed a prototype device to reduce IAP by
means of an automatic control system which measures IAP
from a urinary catheter and activates a vacuum pump
connected to a bell shaped chamber placed on the patient’s
abdomen. It was an interdisciplinary conception [7, 18] with
the medical team using ABDOPRE for treatment.

If the abdomen is stretched as a result of high IAP, the
application of negative pressure may be contra-indicated.
However high IAP may jeopardize abdominal perfusion,
without stretching the abdominal wall. So while being a
relative contra-indication, the presence of a stretched
abdominal wall is unlikely to be a frequent cause for not
using ABDOPRE.

Further studies will establish long-term effects of
negative pressure on the abdomen for high IAP. IAP
reduction may prove sustained or not. Negative pressure
may have to be switched off (due to loss of efficacy) only to
be re-applied after a pause to reduce IAP again (i.e. efficacy
may be intermittent). ABDOPRE would thus intermittently
restore abdominal perfusion.

ABDOPRE may be contra-indicated in haemodynamic
instability, hypotension or hypovolaemia. Use of
ABDOPRE is prescribed and supervised by intensivists.
Hypovolaemia or hypotension should be treated as usual
according to haemodynamic parameters and clinical
judgement before applying negative pressure. Treatment-
resistant haemodynamic instability may be an absolute
contra-indication of ABDOPRE if it proves haemo-
dynamically detrimental after negative pressure is applied.
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First clinical results suggest that the design goal may
have been reached [18]. If clinical trials confirm them,
intensivists will have in their armamentarium a reliable
equipment for reducing IAP and for prevention and
treatment of [AH and the ACS.

Figure 2. ABDOPRE applied to a patient. The abdomen is lifted when
negative pressure is applied in the bell. IAP (Intra-Abdominal Pressure) of
14 and 9 mmHg were recorded in the upper and lower photos respectively.

ACKNOWLEDGEMENTS

The authors thank Dr. M. Cancela, Director, and Dr. A.
Biestro (Intensive Care Department, Hospital de Clinicas);
Prof. J. Sztern and R. Arbiza (Industrial Design School), all
of the Universidad de la Reputblica, Montevideo, Uruguay.
We are also grateful to C. Zoppolo and G. Sanchez who co-
authored the first prototype and to Dr. B. Simini,
Anaesthetics & Intensive Care Unit, Ospedale di Lucca,
Italy, for editorial suggestions.

REFERENCES

1. Duomarco J, Rimini R (1947) La presion intra-abdominal en el
hombre en condiciones normales y patologicas. El Ateneo,
Buenos Aires.

2. Saggi BH, Sugerman HJ, Ivatury RR et al. (1998) Abdominal
compartment syndrome. J Trauma 45: 597-609.

10.

11.

12.

13.

14.

15.

16.

17.

18.

M. David, F. Pracca, and F. Simini

An G, West MA (2008) Abdominal Compartment Syndrome: a
concise clinical review. Critical Care Med 36: 1304-1310.
Malbrain ML (2004) Different techniques to measure intra-
abdominal pressure (IAP): time for a critical re-appraisal.
Intensive Care Med 30:357-371.

Malbrain ML, Cheatham ML, Kirkpatrick A et al. (2006)
Results from the International Conference of Experts on Intra-
abdominal Hypertension and Abdominal Compartment
Syndrome. 1. Definitions. Intensive Care Med 32:1722-1732.
Cheatham ML, Malbrain ML, Kirkpatrick A et al. (2007)
Results from the International Conference of Experts on Intra-
abdominal Hypertension &Abdominal Compartment Syndrome.
II. Recommendations. Intensive Care Med 33 :951-962.

Simini F, Piriz H, Scarone C. (2004) Proyectos de ingeniera
biomédica. Tecnologias desarrolladas en la Universidad
disponibles para el pais. Revista de Ingenieria (Montevideo) 49:
16-21.

David M, Geido D, Pracca F et al. (2007) negative pressure
device for intra-abdominal pressure reduction. Journal of
Physics, Conference Series 90: 012035.

Valenza F, Bottino N, Canavesi K et al. (2003) Intra-abdominal
pressure may be decreased non-invasively by continuous
negative extra-abdominal pressure (NEXAP). Intensive Care
Med 29:2063-2067.

Bloomfield G, Saggi B, Blocher C et al. (1999) Physiologic
effects of externally applied continuous negative abdominal
pressure for intra-abdominal hypertension. J Trauma 46:1009-
1014.

Valenza F, Irace M, Guglielmi M et al. (2005) Effects of
continuous negative extra-abdominal pressure on cardio-
respiratory function during abdominal hypertension: an
experimental study. Intensive Care Med 31:105-111.

Sugerman HJ, Harvey J (1999) Method for lowering abdominal
pressure, US Patent.

Kron IL, Harman PK, Nolan SP (1984) The measurement of
intra-abdominal pressure as a criterion for abdominal re-
exploration. Ann Surg 199 :28-30.

Iberti TJ, Lieber CE, Benjamin (1989) Determination of intra-
abdominal pressure using a transurethral bladder catheter:
clinical validation of the technique. Anesthesiology 70: 47-50.
Cheatham ML, Safcsak K (1998) Intra-abdominal pressure: a
revised method for measurement. ] Am Coll Surg 186:368-369.
Corrected and republished in: J] Am Coll Surg 186:594-595.
Malbrain ML, Deeren D, De Potter TJ (2005) Intra-abdominal
hypertension in the critically ill: it is time to pay attention. Curr
Opin Crit Care 11:156-171.

Webster JG (1998) Medical Instrumentation. Application and
design, 3rd ed. John Wiley & Sons, New York.

Pracca F, Biestro A, Gorrassi J et al. (2011) ABDOPRE:
Dispositivo de aplicacion externa para reduccion de presion
intraabdominal. Experiencia clinica preliminar. Revista
Brasileira de Terapia Intensiva (in press).

Franco Simini

NIB - Nucleo de Ingenieria Biomédica
UNIVERSIDAD DE LA REPUBLICA
Hospital de Clinicas

Av. Italia s/n, piso 15, sala 2.

11600 Montevideo

URUGUAY

simini@fing.edu.u

IFMBE Proceedings Vol. 37




	Non-invasive Negative Pressure System to Treat Abdominal Hypertension

	INTRODUCTION
	STATE OF THE ART
	SPECIFICATIONS AND DESIGN
	PROBLEM MODELLING
	VACUUM CHAMBER
	CONTROL SYSTEM
	ELECTRICAL SAFETY CONSIDERATIONS
	FIRST APPLICATIONS
	DISCUSSION
	REFERENCES




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




