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Abstract

Background: The burden of end-stage renal disease (ESRD) in the United States has increased dramatically over
the past 30 years with almost 613,000 patients receiving renal replacement therapy in 2011. That same year, more
than 112,000 new patients initiated dialysis with 92% of them receiving hemodialysis (HD). These patients experience
significant morbidity and mortality with very frequent emergency room visits. Acute hemolysis associated with
HD is a rare complication; however, if it's not recognized early and managed adequately, it can be associated with
life-threatening complications such as hyperkalemia and even myocardial infarction.

Case presentation: 66-year-old African-American female with a history of ESRD secondary to hypertension developed
a blood infiltration on the arterial side of her arteriovenous fistula followed by sudden onset of diffuse abdominal pain
with nausea and vomiting during her regular HD treatment. She was referred to the emergency department where
she was found to have shortness of breath with improved gastrointestinal symptoms. Her initial work-up revealed a
severe anemia with a hematocrit of 10%. Further work-up revealed massive hemolysis, likely mechanical in nature
and believed to be induced by malpositioning of her HD needle in the fistula. Her hospital course was complicated

acute anemia with hemolysis in this population.

by rhabdomyolysis and acute myocardial infarction thought to be secondary to supply-demand ischemia in the
setting of her profound anemia. Within a week, she eventually had a full recovery.

Conclusion: It is extremely important for physicians and particularly emergency department physicians to be
aware of this potentially life-threatening complication of HD and have a high index of suspicion in the setting of

Keywords: Hemolysis, Hemodialysis, Anemia, Complications, Hyperkalemia, Myocardial infarction

Background

The burden of ESRD in the United States has increased
dramatically over the past 30 years with almost 613,000
patients receiving renal replacement therapy in 2011. That
same year, more than 112,000 new patients initiated
dialysis with 92% of them receiving HD [1]. These patients
experience significant morbidity and mortality with
very frequent emergency room visits. Acute hemolysis
associated with HD is a rare complication; however, if
it’s not recognized early and managed adequately, it can
be associated with life-threatening complications such
as hyperkalemia and even myocardial infarction [2].

* Correspondence: bjaar@aol.com

1Department of Medicine, MedStar Good Samaritan Hospital, 5601 Loch
Raven Boulevard, Suite 3 North, Baltimore, MD, USA

’Department of Medicine, Johns Hopkins School of Medicine, Baltimore, MD,
USA

Full list of author information is available at the end of the article

( BioMVed Central

Case presentation

A 66-year-old African-American female with a two-year
history of ESRD presumed secondary to longstanding
hypertension was in her usual state of health until her
HD treatment on the day of admission. She is known to
have well-controlled anemia of chronic kidney disease
treated with darbepoetin alfa without iron deficiency.
Her high blood pressure has been stable on metoprolol
tartrate and nifedipine. She had one prior history of
congestive heart failure in the setting of fluid overload but
no documented history of atherosclerotic cardiovascular
disease. She took sevelamer carbonate regularly with
her meals to control her hyperphosphatemia. No new
medications were added to her medical regimen over
the past several weeks prior to her hospitalization. On
the day of admission, she had a routine HD treatment
start; however within two hours into her regular HD
session, she developed sudden onset of diffuse abdominal
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pain, associated with nausea, and vomiting. Although
reportedly the patient remained hemodynamically stable,
the dialysis session was immediately interrupted and she
was found to have blood infiltration around the arterial
needle insertion site of her left upper arm arteriovenous
fistula. Her symptoms resolved spontaneously and she
went home with her daughter. Within the hour and while
at home, the patient started feeling very weak, nauseated
and had new onset of red colored urine. Subsequently, she
became cyanotic with shortness of breath. Because of
these symptoms, emergency medical services were called
and she was brought to our emergency department.
During her initial evaluation, she was afebrile and
her vital signs were significant for a blood pressure of
154/86 mmHg, a heart rate of 96 beats per minute,
respiratory rate of 20 breaths per minute, and oxygen
saturation of 97% on 3 liters of oxygen via nasal cannula.
Her physical examination was otherwise unremarkable
except for bruising and hematoma 2 cm x 2.5 cm over
her HD vascular access. Many of the laboratory values
obtained in the emergency room were initially limited
due to interference (Table 1). However, her hematocrit
was 10%, with a platelet count of 487,000 per microliter.
During her follow-up work-up, the hematocrit level was
confirmed to be 10% but the platelet count dropped
significantly to 79,000 per microliter and her peripheral
smear showed many schistocytes. The patient hemolytic
panel was consistent with hemolysis; haptoglobin was
less than 30 mg/dL; fibrin split products greater than
20 g/mL and a lactate dehydrogenase of 1,722 IU/L.
Prothrombin time and partial thromboplastin time were
normal. Her serum potassium was 4 mmol/L. Her fecal
occult blood test was negative. Thrombotic thrombocyto-
penic purpura was considered in the differential diagnosis
but ruled out due to the patient’s appropriate response
to blood transfusion therapy and lack of neurologic
symptoms. Given the patient’s elevated myoglobin, which
peaked at 3,101 ng/ml, a rheumatologic workup was
ordered and found to be normal. A muscle biopsy showed
scattered round, polygonal and angular atrophic myofibers
consistent with nonspecific myofiber atrophy. Urine
porphobilinogen, serum copper and aluminum levels

Table 1 Timeline of pertinent laboratory data

0 hour 5 hours 48 hours Day 5 Day 10
Hemoglobin (gm/dL) * * 121 1.1 104
Hematocrit (%) 10 10 333 338 306
Platelet (microliter) 487,000 79,000  clumping 80,000 196,000
Lactate dehydrogenase N/A * 1722 664 N/A
(/L)
Haptoglobin (mg/dL) N/A * <31 120 N/A

*Interference of laboratory values was a result of free hemoglobin producing a
red discoloration of the serum even after centrifugation.
N/A: not available. Test was not ordered at that time.
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were all within normal limits. Blood and urine cultures
were negative. The patient received packed red blood cells
and her hemoglobin and hematocrit rose appropriately.
Her hospital course was complicated by an acute myocar-
dial infarction thought to be secondary to supply—demand
ischemia in the setting of her profound anemia. She
eventually had a full recovery and was discharged from
the hospital within one week. Subsequent dialysis sessions
were managed with extra care and were uneventful.

Our patient experienced a severe case of hemolysis
associated with HD. This is an uncommon complication
of HD but it can be associated with significant morbidity
and even death if not recognized early. Hemolysis in this
context may be a consequence of a number of biochemical,
toxic and mechanical complications during the HD pro-
cedure itself. Four major mechanisms capable of inducing
hemolysis during HD have been recognized: overheating,
hypotonicity of the dialysate, contamination of the dialys-
ate with toxins (e.g., formaldehyde, bleach, chloramine,
nitrates) from the water supply, with copper from copper
piping and improperly functioning clamps or tubing, such
as kinked arterial lines [3-6]. In cases where there is a con-
tamination of the water supply, most of the patients in the
concurrent dialysis session can experience similar signs
and symptoms associated with hemolysis [4]. Toxins can
also include contamination of the dialysate with bacteria,
endotoxins, and disinfectants although hemolysis due to
these toxins is very rare. In one simulated HD study where
post HD blood samples were run through faulty tubing,
gross hemolysis occurred within thirty minutes [7].

If faulty tubing was the culprit, one would expect to
find sporadic events linked to the manufacturer of these
supplies. Further, if biochemical or toxic causes were
associated with this event, one would expect to see other
patients with similar symptoms and hemolysis. Kinked
HD blood lines have been associated with sporadic
episodes of hemolysis during HD. However, we believe
that this unfortunate event in our patient was induced
by malpositioning of the needle on the arteriovenous
fistula, particularly given the abrupt onset of symptoms
within hours after starting HD, absence of kinked blood
lines at the time of the event, presence of blood infiltra-
tion with hematoma at the needle insertion site and
that this was again a completely isolated event since no
other patients suffered this complication. This hemolytic
phenomenon is sometimes called “red cell fragmentation
syndrome” because the hemolysis is in large part due to
intravascular mechanical injury with destruction of the
red blood cells.

Our patient presented with a critical hematocrit level;
this seems unique among most HD induced hemolysis
cases reported. Other case reports have usually described
only minor decrease in hematocrit. This major hemolytic
event with hypoxemia may explain the cause of her
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Table 2 Clinical pearls of hemodialysis-induced hemolysis for the emergency medicine physician

1. Presentation:

e Hemodialysis—induced hemolysis can be very subtle

e If a dialysis patient presents acutely during hemodialysis treatment with nausea, vomiting, and abdominal pain,

be sure to have a high suspicion for this condition

2. Recognition:

3. Differentials: ® Mechanical vs. Chemical

o Think of the 3 C's: Chlorine, Copper, and Chloramine

4. Intervention: In the hemodialysis unit:

® Emergency department physicians need to be aware of this hemodialysis complication in order to begin timely management

e tubing must be clamped immediately and not returned to the patient given the risk of hyperkalemia

In the emergency department:
o Confirm hemolysis
® Prepare for possible blood transfusion

o Check serum potassium

Prepare for hyperkalemia treatment, including hemodialysis

elevated myoglobin and acute coronary syndrome, which
to our knowledge has not been described in other HD-
induced hemolysis cases reported. The interference of
laboratory values was a result of free hemoglobin that
produced a red discoloration of the serum (known as
port wine) even after centrifugation. Our patient serum
potassium was not elevated, at least in part because the
dialysis staff did not reinfuse the patient’s blood back after
stopping the HD treatment.

Conclusions
The diagnosis of HD-induced hemolysis requires a high
level of suspicion. If hemolysis is suspected during HD,
the patient’s blood in the extracorporeal dialysis circuit
should not be reinfused and should be discarded. This is
an important step to lower the risk of hemolysis related
complications such as hyperkalemia and related arrhyth-
mias. In all cases, these patients should be referred to
the emergency department immediately after stopping
HD for further management including close monitoring
of hemoglobin and serum potassium since most HD
patients in the United States are treated in free standing
dialysis units where there are no clinicians (physicians and
physician extenders) on site except during their dialysis
rounds and no medical laboratory on site. Similarly in
other countries where HD sessions are sometimes per-
formed in the absence of a nephrologist, HD emergencies
may be handled by any other available physicians [8].
Given the serious nature, potentially life-threatening, of
HD-induced hemolysis, it is imperative for all physicians
and particularly emergency department physicians to keep
this possible diagnosis high in their differential diagnosis,
especially in the presence of acutely worsening anemia.
The most common presenting symptoms are non-specific
and may include nausea, vomiting, and abdominal pain.
Other symptoms may be shortness of breath, chest pain,
back pain and headaches. On physical examination, some

patients have been found to have worsening hyperten-
sion [6]. Differential diagnoses for HD-induced hemolysis
include hemorrhage, thrombotic thrombocytopenic pur-
pura, infection, autoimmune process, and drug reactions.

In summary, HD-induced hemolysis requires imme-
diate recognition and management (Table 2); thus the
importance of dialysis staff but also emergency department
physicians awareness. Initial work-up in the emergency
department should rule out hemolysis, assess need for
blood transfusion, monitoring and treatment of hyperkale-
mia as clinically indicated [2,9]. These steps are vital, as
the severity of this complication can be catastrophic and
rapidly life threatening.

Consent

Written informed consent was obtained from the patient
for publication of this Case Report and any accompanying
images. A copy of the written consent is available for
review by the Editor-in-Chief of this journal.

Abbreviations
ESRD: End-stage renal disease; HD: Hemodialysis.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

JY: has made substantial contributions to conception and design and
acquisition of data, involved with drafting the manuscript, has given final
approval of the version to be published. ST: has made substantial
contributions to acquisition of data, involved in revising the manuscript
critically for important intellectual content and has given final approval of
the version to be published. RDC: has made substantial contributions to
acquisition of data, involved in revising the manuscript critically for
important intellectual content and has given final approval of the version to
be published. BGJ: has made substantial contributions to conception and
design and acquisition of data, involved with drafting the manuscript,
revising the manuscript critically for important intellectual content and has
given final approval of the version to be published. All authors read and
approved the final manuscript.



Yoon et al. BMC Research Notes 2014, 7:475 Page 4 of 4
http://www.biomedcentral.com/1756-0500/7/475
Author details
'Department of Medicine, MedStar Good Samaritan Hospital, 5601 Loch
Raven Boulevard, Suite 3 North, Baltimore, MD, USA. “Department of
Medicine, Johns Hopkins School of Medicine, Baltimore, MD, USA.
Department of Epidemiology, Johns Hopkins Bloomberg School of Public
Health, Baltimore, MD, USA. *Welch Center for Prevention, Epidemiology and
Clinical Research, Johns Hopkins Medical Institutions, Baltimore, MD, USA.
*Nephrology Center of Maryland, Baltimore, MD, USA.
Received: 15 March 2014 Accepted: 18 July 2014
Published: 28 July 2014
References
1. US. Renal Data System: U.S. Renal Data System, USRDS 2013 Annual Data
Report: Atlas of Chronic Kidney Disease and End-Stage Renal Disease in the
United States. Bethesda, MD: National Institutes of Health, National Institute
of Diabetes and Digestive and Kidney Diseases; 2013.
2. Fishbane S: Hematologic abnormalities. In Handbook of Dialysis. 4th
edition. Edited by Daugirdas JT, Blake PG, Todd Sl. Philadelphia, PA: Wolters
Kluwer Health/Lippincott Williams & Wilkins; 2007:536.
3. Gault MH, Duffett S, Purchase L, Murphy J: Hemodialysis intravascular
hemolysis and kinked blood lines. Nephron 1992, 62:267-271.
4. Eaton JW, Kolpin CF, Swofford HS, Kjellstrand CMM, Jacob HS: Chlorinated
urban water: a cause of dialysis-induced hemolytic anemia. Science 1973,
181:463-464.
5. Orringer EP, Mattern WD: Formaldehyde-induced hemolysis during
chronic hemodialysis. N Engl J Med 1976, 294:1416-1420.
6. Berkes SL, Kahn SI, Chazan JA, Garella S: Prolonged hemolysis from
overheated dialysate. Ann Intern Med 1975, 83:363-364.
7. Duffy R, Tomashek K, Spangenberg M, Spry L, Dwyer D, Safranek TJ, Ying C,
Portesi D, Divan H, Kobrenski J, Arduino M, Tokars J, Jarvis W: Multistate
outbreak of hemolysis in hemodialysis patients traced to faulty blood
tubing sets. Kidney Int 2000, 57:1668-1674.
8. Lindsay RM, Hux J, Holland D, Nadler S, Richardson R, Lok C, Moist L,
Churchill D: An investigation of satellite hemodialysis fallbacks in the
province of Ontario. Clin J Am Soc Nephrol 2009, 4:603-608.
9. Polaschegg H-D: Red blood cell damage from extracorporeal circulation
in hemodialysis. Semin Dial 2009, 22:524-531.
doi:10.1186/1756-0500-7-475
Cite this article as: Yoon et al.. Hemolysis as a rare but potentially
life-threatening complication of hemodialysis: a case report. BMC Research
Notes 2014 7:475.
( 7
Submit your next manuscript to BioMed Central
and take full advantage of:
e Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at -
www.biomedcentral.com/submit ( BiolVed Central
\ J




	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Conclusions
	Consent
	Abbreviations
	Competing interests
	Authors’ contributions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 0.1000
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 true
  /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 true
  /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 true
  /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 (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 (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /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 [595.440 793.440]
>> setpagedevice


