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SUMMARY - Ischemic heart disease (IHD) and gastroesophageal reflux disease (GERD) are
among the most common diseases worldwide, which in a considerable percentage of cases occur to-
gether, thus complicating symptoms, posing problems for timely diagnosis and hindering develop-
ment of a comprehensive treatment regimen for both diseases. Research has shown that endothelial
dysfunction is one of the major pathophysiological mechanisms in the development of IHD. Endo-
thelial dysfunction also affects regional perfusion of the esophagus, thus compromising esophageal
tissue defense mechanisms. The aim of our study was to investigate the role of endothelial dysfunction
in the mechanisms of GERD development in patients with IHD. For the purpose of this study, we
collected data on serum levels of endothelin-1, nitric oxide metabolites and lipid peroxidation prod-
ucts, gastric pH, parameters of regional blood flow, and quality of life assessment. Study results re-
vealed that in IHD patients with concomitant GERD, endothelial dysfunction manifested by a sig-
nificant increase in the levels of endothelin-1 and lipid peroxidation products, with decreased levels of
nitric oxide metabolites, regional blood flow and quality of life. These findings suggest that hypoxia of
the esophageal mucosa, caused by endothelial dysfunction, leads to a decrease in the esophageal tissue
resistance and to esophageal lower sphincter dysfunction, which, in turn, are the leading factors in the
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development of GERD.
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Introduction

Ischemic heart disease (IHD) continues to be one
of the most common diseases worldwide'?. In recent
years, there has been an increasing trend in the inci-
dence of the disease in younger people and in clinical
comorbidity. One of the leading places in comorbid
pathology belongs to gastroesophageal reflux disease
(GERD)"*. Research data suggest that more than one-
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third of patients with coronary heart disease suffer
from reflux esophagitis of varying severity while more
than 60% of non-cardiac chest pain episodes in pa-
tients with IHD are associated with GERD?**. The
concurrent presence of these diseases modifies symp-
toms, aggravates clinical presentation and jeopardizes
the timeliness of the correct diagnosis®®. A number of
factors and mechanisms contribute to the develop-
ment of such comorbidity. Shared afferent vagal in-
nervation of the esophagus and the heart is responsible
for similarity in clinical presentations of esophageal
and cardiac chest pain. Vagal innervation is also the
underlying mechanism for cardiac arrhythmia and
ischemia being triggered by esophageal irritation with
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acidic refluxate, as well as esophageal spasm being trig-
gered by cardiac ischemia*’. Several studies have
shown that development of GERD symptoms is
caused by the use of aspirin, calcium channel blockers
and nitrates, medications commonly used for IHD®’.
Nitrates decrease lower esophageal sphincter pressure,
calcium channel blockers affect esophageal motility
slowing peristalsis, and aspirin is an esophageal and
gastric mucosa irritant. All these drug-related mecha-
nisms contribute to the development of GERD in pa-
tients with IHD. Substantial research data suggest
that endothelial dysfunction is the leading mechanism
in the pathogenesis of IHD. With regard to the esoph-
agus, endothelial dysfunction affects regional blood
circulation causing tissue hypoxia, thus decreasing
esophageal tissue resistance and its ability to withstand
acidic refluxate®.

Based on this, the purpose of the present study was
to investigate the role of endothelial dysfunction in the
mechanisms of development of GERD in patients
with THD.

Subjects and Methods

'The present study was conducted in a total of 105
adult subjects divided into three groups. Group 1 in-
cluded 45 adults (30 women and 15 men) aged 35 to
45 years with angina pectoris I-II functional class co-
morbid with non-erosive form of GERD. The diagno-
sis of IHD was based on ICD-10 classification, while
the diagnosis of GERD was based on ICD-10 and the
Montreal Consensus 2006 recommendations. Patients
with other comorbidities such as obesity, insulin resis-
tance, diabetes, chronic obstructive pulmonary disease,
and coronary syndrome were not included in the study
group. Group 2 consisted of 40 adults (26 women and
14 men) aged 33 to 44 years with non-erosive form of
GERD without comorbidity. Control group consisted
of 20 healthy individuals of both sexes aged 33 to 44
years. The study was conducted at clinical sites of the
Department of Therapy, Rheumatology and Clinical
Pharmacology, Kharkiv Medical Academy of Post-
graduate Education. The study was approved by the
institutional Ethics Committee of the Kharkiv Medi-
cal Academy of Postgraduate Education and by ad-
ministrations of the clinical sites. A written informed
consent was obtained from all study participants.

636

Endothelial function assessment was performed by
measurement of serum levels of endothelin-1, nitric
oxide (NO) metabolites and lipid peroxidation prod-
ucts. Endothelin-1 level was measured using commer-
cially available Endothelin-1 ELISA System kit, ac-
cording to the manufacturer’s protocol (Amersham
Pharmacia Biotech, UK). Levels of stable NO metab-
olites (NO2 blood and NO2 + NO3 blood) was deter-
mined by spectrometry (Griess-Ilosvaya method).
Quantification of the lipid peroxidation products was
performed by measuring levels of serum thiobarbituric
acid-reactive substances (TBARS) using a commer-
cially available ELISA kit, according to the manufac-
turer’s protocol (HBO REAKOMPLEKS, Russia).

Gastric secretory function was assessed by en-
dogastric pH-metry with ML-2 unit (production of
Ukraine).

The 12-lead baseline electrocardiography (ECG)
was performed according to standard procedures on
the UCARD-200 unit (production of Russia).

The state of the regional blood circulation was as-
sessed by measurement of blood flow velocity and ce-
liac trunk diameter. These parameters were determined
using sonography with color Doppler mapping per-
formed on an Aloka-SSD-650 ultrasound apparatus
(production of Japan).

Patient quality of life was assessed by using the
SF-36 questionnaire.

Statistical data processing was carried out by the
methods of variation and parametric statistics for bio-
medical research using Excel for Windows and Statis-
tica 6.0 software.

Results and Discussion

The mean values of endothelin-1 levels were as
follows: 8.3+0.57 pmol/L in group 1 patients (IHD +
GERD) and 4.1:0.23 pmol/L in group 2 patients
(GERD), indicating significant increase in compari-
son with normal values of 1.92+0.23 pmol/L. The lev-
els of endothelin-1 in control group were within the
normal limits.

The mean levels of stable NO metabolites were
as follows: group 1, NO2 1.33+0.5 pmol/L and
NO2+NO3 19.78+2.77 pmol/L; group 2, NO2
1.920.20 pmol/L and NO3+NO2 25.41+9.85 pmol
/L. The results were indicative of significant decrease
in the levels of stable NO metabolites when compared
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with normal values (NO2 2.8+0.22 pmol/LL and
NO2+NO3 31.50+3.05 pmol/L) and those recorded
in control group.

There were apparent differences in the results be-
tween the study groups. Group 1 patients had a statis-
tically significant (p<0.001) increase in endothelin-1
levels and decrease in the levels of stable NO metabo-
lites as compared with group 2 and control group.
Group 2 patients showed a statistically significant in-
crease in the levels of endothelin-1 and decrease in the
levels of stable NO metabolites compared with control
group, but deviation from the normal values was sig-
nificantly lower than in group 1 patients. Furthermore,
in group 1, deviation from the normal levels of endo-
thelin-1 (increase) was more pronounced than changes
in the levels of NO metabolites (decrease), while de-
viations from the normal levels of those biomarkers in
group 2 patients were comparable.

The mean level of TBARS was 11.81+0.62 pmol
/L in group 1 and 15.25+0.74 pmol/L in group 2, in-
dicating significant increase as compared with normal
levels of 4.5+0.35 pmol/L. On group comparison,
group 2 patients had significantly higher levels of lipid
peroxidation products than both group 1 and control
group.

Assessment of the regional blood circulation re-
vealed a statistically significant reduction in the celiac
trunk diameter and decrease in blood flow velocity in
the celiac trunk in both groups 1 and 2 as compared
with normal values of 0.99+0.14 cm for celiac trunk
diameter and 14.4£0.9 cm/s for blood flow velocity.
‘The mean values of celiac trunk diameter were 0.7+0.1
cm in group 1 and 0.88+0.12 c¢m in group 2. The mean
blood flow velocity measured 7.8+0.5 cm/s in group 1
and 10.3+0.6 cm/s in group 2. In group 1 patients, de-
crease in the celiac trunk diameter prevailed over de-
crease in blood flow velocity in its significance. Group
comparison showed the decrease in the values of celiac
trunk diameter and blood flow velocity in group 2 pa-
tients to be apparent in comparison with control group,
but less significant than in group 1 patients.

Gastric pH was measured in the body of the stom-
ach, with pH 1.7+0.2 being considered a normal value.
The mean value of gastric pH was 1.3+0.1 in group 1
and 1.1+0.1 in group 2. Such a decrease in pH values
indicated increase in gastric acidity, which was signifi-
cantly greater in group 2 patients in comparison with
both the control group and group 1 patients.
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The study revealed a significant decrease in the
quality of life indicators in all main domains of the
SF-36 scale for both patient groups as compared with
the control group (p<0.001). Moreover, in patients
with THD and concomitant GERD, severe decline
was recorded in the general health and social function-
ing scales, which amounted to 42.3+4.5 points and
51.2+4.4 points, respectively (normal, 77.8+5.1 points
and 85.3+4.6 points, respectively). At the same time, in
patients with GERD without comorbidity, the scores
were 55.9+3.7 and 68.2+3.3 points, respectively. Thus,
according to the results, the indicators were signifi-
cantly higher in group 2 than in control group
(p<0.001), but significantly lower than in group 1. At
the same time, the indicators of pain intensity scales,
role and physical functioning were significantly higher
in group 2, with the mean values of 35.4£3.7 and
33.2#2.8 points, respectively (normal, 75.7+4.2;
73.8+3.2 points) as compared with control group and
group 1 (48.4+4.5; 49.7+3.8 points).

In both patient groups, there was strong correlation
(group 1, r=0.76; group 2, r=0.70) between the quality
of life scores and study variables, i.e. levels of endothe-
lin-1, NO metabolites, lipid peroxidation products,
parameters of regional blood flow, and gastric pH.
Study results suggest that endothelial dysfunction
plays one of the leading roles in the development of
GERD in IHD patients. Endothelial dysfunction is
evidenced by a significant increase in the levels of en-
dothelin-1 and decrease in the levels of NO metabo-
lites and parameters of regional blood flow in celiac
trunk, which reduces esophageal tissue resistance and
results in the lower esophageal sphincter dysfunction.
In GERD patients without concomitant pathology,
stress evidenced by increase in the quality of life indi-
cators (intensity of pain, role and physical functioning)
triggers an increased production of hydrochloric acid
in the stomach and elevation of endothelin-1 levels.
This, in turn, leads to a decrease in regional blood flow
and tissue hypoxia, resulting in higher rates of lipid
peroxidation products, and reduced esophageal tone
and motility, and helps maintain the increased produc-
tion of hydrochloric acid. It may be extrapolated that
endothelial dysfunction is one of the major mecha-
nisms that triggers the development of GERD in
IHD patients. Besides, in patients with isolated
GERD, endothelial dysfunction can develop as a sec-
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ondary pathology, aggravating the clinical course of
the disease. The study findings suggest that in IHD
patients with concomitant GERD, the anti-reflux bar-
rier dysfunction at the esophagogastric junction occurs
due to reduced esophageal tissue defense mechanisms
resulting from perfusion-related tissue hypoxia, where-
as in GERD patients without comorbidity, anti-reflux
barrier dysfunction is induced by the increased corro-
sive properties of refluxate. Study results pointed to the
need for a differentiated approach to treatment based
on the specific role endothelial dysfunction plays in
the pathophysiology of both diseases.

Conclusions

1. Patients with IHD and concomitant GERD
have a significant decrease in the quality of life
parameters on all scales compared with control
group, and in the general health and social
functioning indicators, significantly higher than
in GERD patients without comorbidity. In pa-
tients with isolated GERD, the study demon-
strated a significant increase in pain, physical
functioning and role-playing indicators com-
pared with normal values and group 1 patients.

2. Patients with IHD and concomitant GERD
showed a statistically significant increase in en-
dothelin-1 levels and decrease in the levels
of stable NO metabolites as compared with
GERD patients without comorbidity and con-
trol group.

3. Patients with GERD without comorbidity had
distinct reduction in the values of celiac trunk
diameter and blood flow velocity in comparison
with control group, but less significant than in
IHD patients with concomitant GERD.

4. Increase in the levels of lipid peroxidation prod-
ucts and increased gastric juice acidity in IHD
patients with concomitant GERD was appar-
ent as compared with control group, but less
significant than in GERD patients without co-
morbidity.

5. The findings suggest that endothelial dysfunc-
tion in IHD patients with concomitant GERD
affects esophageal tissue defense mechanisms
precipitating anti-reflux barrier dysfunction at

the esophagogastric junction, while in GERD
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patients without comorbidity it potentiates cor-
rosive properties of refluxate.

Results of the study will contribute to more exten-
sive detection of endothelial dysfunction in patients
with IHD accompanied by GERD. In addition, these
results will be used to develop methods for preventing
development of GERD in patients with IHD.
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Sazetak

ULOGA ENDOTELNE DISFUNKCIE U MEHANIZMU NASTANKA
GASTROEZOFAGUSNE REFLUKSNE BOLESTI KOD BOLESNIKA S KORONARNOM BOLESTI SRCA

A. Oparini A. Vnukova

Danas su koronarna bolest srca (KBS) i gastroezofagusna refluksna bolest (GERD) medu najée$éim bolestima u svijetu
koje se u zna¢ajnom postotku slu¢ajeva javljaju komorbidno pri cemu znatno otezavaju klinicku sliku i razvoj sveobuhvatne
sheme terapije za obje bolesti. S obzirom na to da poremecaj funkcije endotela igra vaznu ulogu u nastanku KBS, kao i u
odrzavanju rezistentnosti tkiva jednjaka, cilj naSega istrazivanja bio je procijeniti ulogu endotelne disfunkcije u mehanizmu
nastanka GERB kod bolesnika s KBS. Polaze¢i od postavljenog cilja mjerili smo serumske razine endotelina-1, metabolite
dusikova oksida i produkata peroksidacije lipida, Zelu¢ani pH, parametre regionalnog protoka krvi te kvalitetu Zivota bole-
snika. Rezultati su pokazali da se endotelna disfunkcija u bolesnika s IHD i GERD o¢ituje povisenim razinama endotelina-1
i produkata peroksidacije lipida, uz sniZene razine metabolita dusikova oksida, regionalnog protoka krvi i kvalitete Zivota. Ovi
nalazi ukazuju na to da hipoksija ezofagusne sluznice uzrokovana endotelnom disfunkcijom dovodi do smanjenja otpornosti
ezofagusnog tkiva i disfunkcije donjeg ezofagusnog sfinktera, a to su vode¢i ¢imbenici razvoja GERD.

Kljuéne rijeci: Miokard, ishemija; Gastroezofagusni refluks; Endotelin-1; Dusicni oksid; Lipidna peroksidacija; Regionalni
optok krvi; Kvaliteta Zivota; Hipoksija; Ezofagusni sfinkter, donji

Acta Clin Croat, Vol. 56, No. 4, 2017 639




<<
  /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 /sRGB
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.66667
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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>
    /CZE <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


