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Summary

Exercise tolerance in patients with idiopathic pulmonary fibrosis
IPF is mainly limited by mechanical constrain of ventilation and
high physiologic dead space. Oxygen enriched gas inhalation
seems to increase ventilatory efficiency by reduction of dead
space to tidal volume ratio (Vp/Vr) which probably mirrors
improved pulmonary capillary flow and leads to longer physical
tolerance at lower level of minute ventilation. The effect is
noticeable at F,0, that can be delivered in rehabilitation purposes
or daily living activities.
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Exertional dyspnea with limitations of ordinary
tasks are among the early symptoms of patients with
idiopathic pulmonary fibrosis (IPF) [1]. The majority of
works published on this topic explains the patients'
shortness of breath as a result of the decrease of lung
mechanical limitation of

compliance, leading to

ventilation and increased energy expenditure of
respiratory muscles [2,3]. With the exemption of early
stages of IPF, physical activity is also accompanied by

blood oxygen desaturation that is attributed to a shorter

contact time between erythrocytes and alveoli wall during
the increased cardiac output and the decrease of mixed
venous oxygen content (C,0,). It has been assumed that
an increase of venous admixture in systemic circulation
further impedes the perception of dyspnea via hypoxic
stimulation of the respiratory center [4]. Tissue hypoxia
also adds to the decrease of anaerobic threshold and leads
to further increase in ventilatory demand of physical
activity. From a clinical perspective, blood oxygen
saturation levels are considered an important parameter
because its decrease during resistance testing serves as
a predictive parameter of survival in patients with
IPF [5]. Outpatient oxygen therapy has, therefore, been
suggested as a means of improving physical activity
tolerance and quality of life in patients with significant
resistance desaturation [6,7]. However, the results of past
studies have not been uniformly conclusive as oxygen
inhalation neither improves physical strain tolerance in
most cases, nor does it alleviate the sensation of
dyspnea [8,9].

Only in recent years has the etiology of dyspnea
granted attention to the effectiveness of ventilation, most
commonly assessed by the slope of minute ventilation to
CO, output ratio (Vg/VCO, slope), parameter originally
derived from gas exchange measurement during
cardiopulmonary exercise test (CPET). First mentions of
an increase in physiological dead space (Vp) in IPF
patients were published in the context of secondary
pulmonary arterial hypertension (PAH) [10]. With the

increase of the Vg/VCO, slope, the decrease of partial
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CO, pressure at the end of exhalation (pgrCO,), and
pulmonary transfer factor for CO (TLco) a higher
probability of secondary PAH occurrence was described.
The main aim of this study was to determine the key
mechanisms responsible for limitations to physical
activity of patients with IPF and whether oxygen
inhalation during physical strain leads to improved
performance or a decrease in ventilatory demand of
motion. The secondary aim was to assess a possible role
of secondary pulmonary hypertension on ventilatory
efficiency.

Ten patients with IPF diagnosed based on
ATS/ERS criteria, who had shown a decrease in blood-
oxygen saturation during a recent cardiopulmonary
exercise test (CPET) were chosen to participate in this
study. All study procedures were performed according to
the Declaration of Helsinki, revised form of 2013. This
research project has been approved by the hospital Ethics
Committee and all patients signed informed consent in
order to participate.

Patients (3 women, 7 men, aged 57-71 years,
BMI 28.9+5.3) with advanced disease (slow vital
capacity (SVC) 65.9+13.6 % predicted, TLco 43.5+
13.2 % predicted) underwent a CPET with continuous
assessments of oxygen (O,), and carbon dioxide (CO,),
and airflow (Ergostik, Geratherm, Bad Kissingen,
Germany), with and without oxygen application, during
various days and in random order. All patients underwent
10-15W/min to reach their peak
performance within 8-12 minutes [11]. In the duration of

a ramp protocol

both tests, arterial blood was drawn in two-minute
intervals by means of indwelling catheter in the left radial
artery. Gas mixture was delivered from a central oxygen
unit using a Bird gas blender set on 0.35 FO, or
compressed air outlet, via plastic pouch with two one-
way valves, one for inhalation and the second for
overflow. The gas mixture was brought to the inhalation
port of a Y piece connected to a face mask. Accuracy of
F10, was continuously controlled using a parallel sensor
of the ergometric system. Right heart catheterization was
done three hours following a second resistance test in the
supine position according to Seldinger method via vena
jugularis interna. Resting heart and pulmonary arterial
pressures were measured using calibrated pressure
sensors. All data, expressed as meantstandard deviation
(SD), were tested for normality of distribution by the
Kolmogorov-Smirnov test, possible relations were tested
using Pearson correlation coefficient, comparisons were
made by paired t-test using GraphPad Prism 4.0

(San Diego, CA, USA), p<0,05 were considered
significant.
Exercise tolerance during air inhalation

(F10,=0.21) was moderately decreased (the peak oxygen
consumption (pVO,) 62.0+18.3% predicted, Watt
61.8426.1 % predicted) with significantly decreased
ventilation effectiveness (Vg/VCO, slope 44.4+£14.2) and
depended namely on mechanical limitation of ventilation
(V1/SVC, r=0.6771, p<0.05) and ventilation effectiveness
(VE/VCO,, 1=-0.7195, p<0.01). Desaturation severity did
not correlate with strain tolerance.
(mPAP)

precapillary pulmonary hypertension (20.3+4.7 mmHg)

Resting mean
pulmonary artery pressure showed mild
in half of the patients (pulmonary capillary wedge
pressure, PCWP, 7.0+3.7 mmHg). mPAP did not show
any relation to ventilatory efficiency and correlated only
to the transfer coefficient for carbon monoxide (Kco,
r=-0.6829, p<0.05) and the difference between arterial
and end-tidal pCO, (peak p.er)CO,, 1=0.8246, p<0.005)
at peak performance.

During oxygen inhalation (Table 1) exercise
tolerance increased slightly (load, 78.5+£27.7 wversus
91.34£23.6 Watt, p<0.05) while Vg (52.9+£17.6 versus
49.1£15.0, p<0.01) and Vg/VCO, slope (44.4+
14.2 versus 33.6+7.6, p<0.05) decreased (Fig. 1). With
higher F|O, Vp/Vr ratio tended to be lower at rest and
significantly decreased at the end of exercise test
(44.7£10.2 versus 32.2+13.7, p<0.05, Table 1). During
oxygen inhalation, peak p,0, correlated slightly with
dead space size at the end of strain (peak Vp/Vr,
r=-0.763, p<0.05), but had no relation to Vg or ventilatory
efficiency.

The findings show a few interesting results.
Ventilatory efficiency belongs among frequent causes of
limitation of physical activity in patients with IPF due to
abnormally increased demand on ventilation [12,13]. The
secondary PAH is often blamed for causing ventilatory
inefficiency but remains untreated unless moderate to
severe. The occurrence of PAH within our sample was
works [14], its
however, was low and did not explain the magnitude of

consistent with previous severity,
ventilatory inefficiency, despite the fact we measured
pulmonary hemodynamics only at rest and so we could
not predict the changes that occur during physical strain.
We could suppose increased Vg/VCO, slope reflected
worsening of pulmonary hemodynamics during exercise.
Assessment of changes of Vi/VCO, slope requires some
attention, however, since they may reflect variations in

ventilatory control (p,CO,) or shifts in gas exchange
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efficiency (Vp/Vy) [15]. During oxygen inhalation (F,0,
0.35) ventilatory efficiency improved in parallel with the
reduction of Vp/Vr, while p,CO, stayed unchanged, and
so it can be assumed that decreased V/VCO, slope is at
least partly caused by functional changes on pulmonary
capillary level improving matching of ventilation and
perfusion. In IPF patients, where there is a little space to
improve Vp/Vr ratio by increasing Vr due to a significant
mechanical constrain of ventilation, the decline in the
physiologic dead space remains the main reason for gas
then
vasoconstriction of

exchange improvement. Oxygen inhalation

supposedly alleviates hypoxic
pulmonary capillaries, and decreases Vp. Although not
specifically assessed in this study, dyspnea seemed to
decrease during oxygen inhalation because subjects
handled higher physical load at lower level of minute
ventilation through improved gas exchange efficiency.
Minimizing hypoxic stimulation of ventilation by
preventing arterial hypoxemia did not seem to contribute
significantly because of lack of correlation of Vg with
SpO, or p,O,, regardless of whether patients inhaled air
or oxygen. Results of this study could assist to the
introduction of a new criterion for the prescription of
ambulatory oxygen therapy in patients with IPF and
possibly other interstitial lung diseases. F|O, of 0.35 can
be achieved by using medium flow oxygen and face mask
thus becoming available in clinical practice.

This study has many limitations, its validity is

restricted mostly by its sample size, which could affect

the  significance  of individual = measurements.
Additionally, information about oxygen inhalation could
not be withheld from medical staff due to technical
limitations. Despite these, we believe that this could not
have had a significant impact on the results because
exercise tolerance showed an improvement similar to
studies [8]. Another

assessment of only one level of inspiratory oxygen

previous limitation was the
fraction caused by the will of the participants. We chose
a lower fraction (F;0, 0.35), compared to other studies,
because we aimed to find out whether it is possible to
affect physical strain tolerance using oxygen inhalation
and, moreover, affect the ventilatory demand in the case
of using a mobile source of liquid oxygen or physical
training in rehabilitation facilities.

It can be concluded, that in our sample of IPF
patients, physical strain tolerance is limited mainly by
high ventilatory demand caused by decreased pulmonary
compliance and an increase of physiologic dead space.
Oxygen inhalation during inspiratory fraction F;O, 0.35
leads to improved ventilatory efficiency with decreased
minute ventilation, which is accompanied by higher
physical strain tolerance. To the authors’ knowledge, this
is the first study demonstrating that in patients in IPF,
inhalation of oxygen enriched air reduces physiologic
dead space and ventilatory demand by improving
pulmonary capillary blood flow.

Table 1. Changes of ventilatory and respiratory parameters with increasing inspiratory fraction of oxygen. Values are expressed as

mean + SD, differences are calculated using paired t-test.

F,0,0.21 F,0,0.35 difference
pa0; rest (mmHg) 76.817.3 145.6+11.2 p<0.05
p.0; peak exercise (mmHg) 55.846.1 116.6£30.8 p<0.05
p.CO; rest (mmHg) 37.9+4.0 39.0£6.8 p=0.8438
p.CO; peak exercise (mmHg) 39.445.5 44.1£5.1 p=0.2188
ParryCO; rest (mmHg) 7.961+4.9 7.246.2 p=0.1563
Pw-enCO; peak exercise (mmHg) 8.54£3.8 6.917.9 p=0.8125

Vp/Vrrest 38.1£12.9 27.0£12.6 p=0.0781
Vp/Vr peak exercise 44.7+10.2 32.2413.7 p<0.05
Peak load (W) 78.5+27.8 91.3+25.2 p<0.05
Peak HR (min™) 116.2+23.8 121.5£20.0 p=0.9375
Peak Vi (I/min) 53.9+17.6 49.1+16.1 p<0.01
Ve/VCO; slope 44.4+14.2 33.618.1 p<0.05

p.O, — arterial partial pressure of oxygen, p.CO, — arterial partial pressure of carbon dioxide, p-erCO; - the difference between arterial
and end-tidal partial pressure of carbon dioxide, Vp/V+ — dead space to tidal volume ratio, HR — heart rate, Ve — minute ventilation,
Ve/VCO; slope — slope of the ration of minute ventilation to carbon dioxide production.
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Fig. 1. a) Relationship between mPAP at rest and p(a-ET)CO, at peak performance, Pearson r= 0.8246, p<0.01, b) Improvement in
strain tolerance during oxygen inhalation, Watt, paired t-test, p<0.05, ¢) Improvement in paO, at the end of strain during oxygen
inhalation, paired t-test, p<0.05, d) Drop of slope of VE dependency on VCO2 during oxygen inhalation, paired t-test, p<0.05.

Conflict of Interest
There is no conflict of interest.

References
1. Agusti C, Xaubet A, Agusti AGN, Roca J, Ramirez J, Rodriguez-Roisin R. Clinical and functional assessment

of patients with idiopathic pulmonary fibrosis: Results of a 3 year follow-up. Eur Respir J 1994;7(4):643-650.
https://doi.org/10.1183/09031936.94.07040643

2. DiMarco AF, Kelsen SG, Cherniack NS, Gothe B. Occlusion pressure and breathing pat-tern in patients with
interstitial lung disease. Am Rev Respir Dis 1983;127(4):425-430. https://doi.org/10.1164/arrd.1983.127.4.425

3. Schaeffer MR, Ryerson CJ, Ramsook AH, et al. Neurophysiological mechanisms of exer-tional dyspnoea in
fibrotic interstitial lung disease. Eur Respir J 2018;51:1701726. https://doi.org/10.1183/13993003.01726-2017

4, Agusti AGN, Roca J, Gea J, Wagner PD, Xaubet A, Rodriguez-Roisin R. Mechanisms of Gas-exchange

Impairment in Idiopathic Pulmonary Fibrosis. Am Rev Respir Dis 1991;143(2):219-225.
https://doi.org/10.1164/ajrccm/143.2.219

5. Hallstrand TS, Boitano LJ, Johnson WC, Spada C, Hayes JG, Raghu G. The timed walk test as a measure of
severity and survival in idiopathic pulmonary fibrosis. Eur Respir J 2005;25(1):96-103.
https://doi.org/10.1183/09031936.04.00137203

6. Arizono S, Furukawa T, Taniguchi H, Sakamoto K, Kimura T, Kataoka K, Ogawa T, Watanabe F, Kondoh Y.
Supplemental oxygen improves exercise ca-pacity in IPF patients with exertional desaturation. Respirology
2020;25(11):1152-1159. https://doi.org/10.1111/resp.13829

7. Miki K, Mackura R, Hiraga T, Okuda Y, Okamoto T, Hirotani A, Ogura T. Impairments and prognostic factors
for survival in patients with idiopathic pulmonary fibrosis. Respir Med 2003;97(5):482-490.
https://doi.org/10.1053/rmed.2002.1469

8. Bell EC, Cox NS, Goh N, Glaspole I, Westall GP, Watson A, Holland AE. Oxygen therapy for interstitial lung
disease: a systematic review. Eur Respir Rev 2017;26(143):160080. https://doi.org/10.1183/16000617.0080-2016




2022 Exercise Tolerance in IPF 321

9. Schaeffer, Michele R, Molgat-Seon Y, Ryerson, Christopher J, Guenette JA. Suplemental oxygen and
dyspnoea in interstitial lung disease: absence of evidence is not evidence of absence. Eur Respir J
2017;26:170033. https://doi.org/10.1183/16000617.0033-2017

10. Hansen JE, Wasserman K. Pathophysiology of activity limitation in patients with intersti-tial lung disease.
Chest 1996;109(6):1566-1576. https://doi.org/10.1378/chest.109.6.1566

11. Radtke T, Crook S, Kaltsakas G, et al. ERS statement on standardisation of cardiopulmo-nary exercise testing
in chronic lung diseases. Eur Respir Rev 2019;28(154):180101. https://doi.org/10.1183/16000617.0101-2018

12. Plantier L, Cazes A, Dinh-Xuan AT, Bancal C, Marchand-Adam S, Crestani B. Physiolo-gy of the lung in
idiopathic pulmonary fibrosis. Eur Respir Rev 2018;27(147):170062. https://doi.org/10.1183/16000617.0062-
2017

13. Troy LK, Young IH, Lau EMT, Corte TJ. Exercise pathophysiology and the role of oxy-gen therapy in
idiopathic interstitial pneumonia. Respirology 2016;21(6):1005_14. https://doi.org/10.1111/resp.12650

14. Nathan SD, Noble PW, Tuder RM. Idiopathic pulmonary fibrosis and pulmonary hyper-tension: Connecting
the dots. Am J Respir Crit Care Med 2007;175(9):875-880. https://doi.org/10.1164/rccm.200608-1153CC

15. Ward SA. Ventilation/carbon dioxide output relationships during exercise in health. Eur Respir Rev 2021; 30:

200160. https://doi.org/10.1183/16000617.0160-2020





<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /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 false

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /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 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /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 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /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 ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /CZE <>

  >>

  /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 /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



