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Abstract

Patients with LMNA mutation-related heart disease are characterized by conduction abnormalities, ventricular tachyarrhyth-
mias, and high risk of sudden cardiac death with mildly impaired systolic function, often without chamber dilation. Here,
we presented three unrelated cases with LMNA mutation exhibited unusual cardiac phenotype of marked LV dilation, signif-
icant reduced ejection fraction with reginal wall akinesis, and transmural enhancement with a predilection of lateral wall on
cardiovascular magnetic resonance (CMR). These three patients were found to have confirmed pathological LMNA mutations
(c.1621C > T, p.R541C and c.1621G > A, p.R541H) at the same location (p.R541) in the tail region of lamin A/C.
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Introduction

The LMNA (lamin A/C) gene encodes the nuclear envelope
protein—A-type lamin protein (lamin A and C). Mutations in
LMNA have been reported to cause a variety of clinical phe-
notypes, including LMNA-related dilated cardiomyopathy,
Emery–Dreifuss muscular dystrophy, limb-gridle muscular
dystrophy, familial partial lipodystrophy, and mandibuloacral
dysplasia.1

LMNA mutations are responsible for 5–10% of dilated car-
diomyopathy (DCM) with autosomal dominant inheritance.2,3

Although it is not the most common pathogenic gene for
DCM, LMNA represented the most investigated gene with
several prospective and retrospective studies because of its
high incidence of sudden cardiac death (SCD) and malignant
ventricular arrhythmias. LMNA mutations represent the only
genetic background in DCM wherein implantable cardiovas-
cular defibrillator therapy could be considered in primary pre-
vention regardless of left ventricular ejection fraction values.4

The typical phenotype of LMNA-related DCM has been de-
scribed as early-onset supraventricular and ventricular ar-
rhythmias followed by development of a conduction disease

and a high risk of sudden death.5,6 LV dilatation and systolic
impairment are often mild; marked LV dilatation and/or wall
thinning is not characteristic.7

We described three unrelated cases of DCM presented with
unusual regional wall motion abnormality and segmental
transmural late gadolinium enhancement (LGE) on cardiovas-
cular magnetic resonance (CMR). Three patients were found
to have a novel functional LMNAmutation at p.R541 site, with
two cases harbouring p.R541C and one case having p.R541H.

Case report

Case 1

A 30-year-old woman free from heart failure symptoms
(NYHA Class I) was referred to us for the evaluation of asymp-
tomatic LV dilation diagnosed 3 years ago. The proband’s fa-
ther died suddenly at the age of 25 years, and her brother
died at the age of 20 years. Laboratory findings included
mildly increased troponin levels (105.3 pg/mL), with elevation
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of NT-proBNP (1743 pg/mL). Creatine kinase plasma level was
slightly elevated (694 IU/L), but the neurological examination
was normal. ECG demonstrated sinus rhythm with nonspe-
cific interventricular block and QS morphology in leads I,
aVL, and V1-V2 (Figure 1A). Transthoracic echocardiography
revealed dilation of the LV (LVEDd 67 mm), global
hypokinesis (EF 33%), and apical aneurysm with muscle thin-
ning (4–5 mm). To further characterize the LV morphology
and function, the patient was referred for CMR. The study
showed increased LV end-diastolic volume with marked de-
creased LVEF (24%). Apical aneurysm and regional akinesis
located in the anterior and lateral wall were seen. Myocar-
dial LGE with a transmural pattern was seen in the dysfunc-
tional segment (Figure 1D). To exclude the ischaemic origin

of cardiomyopathy, coronary CT angiography was conducted
and did not show any abnormality of coronary artery. Ambu-
latory ECG monitoring showed 2145 premature ventricular
beats without complex forms of ventricular arrhythmia.
Because of the family history (father and brother died sud-
denly in their 20s), ventricular arrhythmia, and CMR
evidence of regional akinesis with extensive LGE, arrhythmo-
genic DCM was suspected, and we decided to conduct
whole-exon sequencing. Interestingly, gene analysis revealed
a previously described pathological LMNA mutation
(c.1621C > T, p.R541C) (Figure 1G). The patient received an-
giotensin converting enzyme inhibitor and beta-blocker and
was advised to undergo ambulatory ECG monitoring every
6 months for re-stratification for ICD implantation.

Figure 1 Clinical findings in the studied patients: Case 1 exhibited nonspecific interventricular block and QS morphology in leads I, aVL, and V1-V2 on
ECG (A), CMR revealed transmural enhancement in the lateral and anterior wall (D), gene analysis revealed a LMNA mutation (c.1621C > T, p.R541C)
(G); Case 2 had diffuse ST-T change and nonspecific intraventricular block on ECG (B), CMR showed thinning and transmural enhancement of the lateral
wall (E), whole-exon sequencing found mutation of LMNA (c.1621C > T, p.R541C) (H); Case 3 showed sinus rhythm with presence of Q wave in leads I,
aVL, and diffuse ST-T change on ECG (C), CMR demonstrated thinning and transmural enhancement in the epical and lateral wall (F), gene analysis
revealed LMNA mutation (p.1621G > A, p.R541H) (I).
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Case 2

Patient 2 was a 19-year-old female who sought medical at-
tention because of exertional dyspnea and dizziness. The pa-
tient’s father died suddenly at the age of 30 years. Diffuse
ST-T change and nonspecific intraventricular block were
found on ECG (Figure 1B). Echocardiography revealed LV dila-
tion (LVEDd 66 mm) and depression of global LV contractility
(LVEF 34%). CMR demonstrated diffuse hypokinesis that was
most notable in the inferolateral territories; transmural en-
hancement of these segments was also seen (Figure 1E). Lab-
oratory findings revealed elevated NT-proBNP (4293 pg/mL).
Results of tests for troponin, creatine kinase, and antinuclear
antibodies were normal. Coronary CT angiography was
normal, and endomyocardial biopsy did not show sign of
myocarditis. Whole-exon sequencing found mutation of
lamin A/C gene (c.1621C > T, p.R541C) (Figure 1H). The pa-
tient was prescribed with angiotensin converting enzyme,
beta-blocker, and furosemide. ICD therapy was advised, but
the patient refused.

Case 3

Patient 3 was a 38-year-old man with asymptomatic LV dila-
tion. The father of the patient died suddenly at the age of
36 years. ECG demonstrated sinus rhythm with presence of
Q wave in leads I, aVL, and diffuse ST-T change (Figure 1C).
Transthoracic echocardiography revealed dilation of LV
(76 mm) and decreased global LV contractility (EF 31%).
CMR confirmed increased LV end-diastolic volume and
showed akinesis and muscle thinning located in the posterior
and lateral wall. Transmural areas of delayed enhancement
were revealed in the dysfunctional segment (Figure 1F). Cor-
onary angiography was normal. The laboratory findings
showed mildly increased troponin levels, with NT-proBNP
concentrations within the reference range. Creatine kinase
was mildly elevated without muscular dystrophy. Neurologi-
cal examination did not disclose any abnormalities.
Whole-exon sequencing reveal a 1621G > A transition that
changed an arginine to a histidine at position 541 (R541H)
in exon 10 of LMNA (Figure 1I). The patient received angio-
tensin converting enzyme and beta-blocker. The patient was
scheduled to undergo ambulatory ECG 3 months later for
re-stratification for ICD implantation.

Discussion

We present three patients belonging to unrelated families
with confirmed DCM who were found to have novel func-
tional LMNA mutations located at the same site in exon 10
(c.1621 C > T, p.R541C and c.1621 G > A, p.R541H).

LMNA-related cardiomyopathy often shows a prominent
feature of progressive cardiac conductive disease (CCD), re-
quiring implant for sinoatrial dysfunction or high-grade atrio-
ventricular block at a young age, often with only mild LV
dilation and systolic impairment.1 However, our presented
patients and previous reported cases with p.R541 mutation
presented a specific phenotype including regional LV akinesis
or aneurysm formation, segmental transmural or near
transmural LGE, and ventricular arrhythmias with only mild
conductive abnormality (nonspecific intraventricular block)
(Table 1).8–11

The R541 site is located in the C-terminal tail region of the
lamin A/C protein. The tail region was important for the for-
mation of head-to-tail lamin polymers.12 The novel point mu-
tation disrupted the assembly of lamin polymers, resulting in
aberrant formation of the mutant aggregates in the nucleus.8

In previous reported cases, difference in clinical manifesta-
tion was found in patients with different amino acid changes
at this location. While p.R541G mutation was reported to
have similar phenotype with carriers of p.R541C mutation,8

p.R541S mutation carrier had no evidence of reginal wall mo-
tion anomalies.12 p.R541H mutation was related to signs
and symptoms of muscular dystrophy,13 arrhythmia, and nor-
mal LV systolic function. In contrast to previous reports, our
presented Case 3 harbouring p.R541H LMNA mutation had
phenotypic similarity with cases carrying p.R541C LMNA mu-
tation. It should be mention that plasma creatine kinase was
slightly elevated in Case 1 (p.R541C) and Case 3 (p.R541H),
but there were no signs or symptoms of muscular dystrophy
in these patients.

The presence of aneurysm and regional wall akinesis,
which is rare among DCM patients and mainly found in myo-
cardial infarction, infective myopericarditis, and Chagas’ dis-
ease, was a common feature of our presented three cases
and was also reported by previous cases with LMNA p.
R541C mutation.8–11 CMR is an accurate tool to determine
the cardiac involvement and evaluate myocardial fibrosis.
Previous studies investigating the incidence and pattern of
myocardial fibrosis through CMR-LGE demonstrate that
88% of carriers of LMNA mutation causing cardiomyopathy
had typical myocardial fibrosis, predominantly in the
mid-myocardium of the basal septum. The pattern of en-
hancement was typically linear and <50% of the area of the
segment.7,14 Wall motion abnormality was associated with
enhancement and mainly located at LV basal segments. Most
mutation carriers had preserved systolic function with mild
dilatation of LV.7 Therefore, the transmural pattern of en-
hancement with a predilection of lateral wall revealed in
our presented cases with LMNA p.R541 mutation was not
the general characteristic of LMNA gene mutation and is de-
pendent on specific mutation site.

LMNA-related cardiac disease has high risk of sudden
death; early implantation of a primary prevention ICD may
be warranted. In a multicentre registry of 269 LMNA
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mutation carriers, NSVT, LVEF <45%, male gender, and
non-missense mutations (insertion–deletion/truncating or
mutations affecting splicing) were risk factors of malignant
ventricular tachycardia.3 Primary prevention ICD implantation
was recommended in LMNA-positive DCM with at least two
risk factors (Class II; level of evidence C).4

Conflict of interest

None declared.

References

1. Captur G, Arbustini E, Bonne G, Syrris P,
Mills K, Wahbi K, Mohiddin SA,
McKenna WJ, Pettit S, Ho CY, Muchir
A, Gissen P, Elliott PM, Moon JC. Lamin
and the heart. Heart 2018; 104:
468–479.

2. Petretta M, Pirozzi F, Sasso L, Paglia A,
Bonaduce D. Review and metaanalysis
of the frequency of familial dilated car-
diomyopathy. Am J Cardiol 2011; 108:
1171–1176.

3. van Rijsingen IA, Arbustini E, Elliott PM,
Mogensen J, Hermans-van Ast JF, van
der Kooi AJ, van Tintelen JP, van den
Berg MP, Pilotto A, Pasotti M, Jenkins
S, Rowland C, Aslam U, Wilde AA,
Perrot A, Pankuweit S, Zwinderman
AH, Charron P, Pinto YM. Risk factors
for malignant ventricular arrhythmias
in lamin a/c mutation carriers a
European cohort study. J Am Coll Cardiol
2012; 59: 493–500.

4. Priori SG, Blomstrom-Lundqvist C,
Mazzanti A, Blom N, Borggrefe M,
Camm J, Elliott PM, Fitzsimons D,
Hatala R, Hindricks G, Kirchhof P,
Kjeldsen K, Kuck KH, Hernandez-Madrid
A, Nikolaou N, Norekval TM, Spaulding
C, Van Veldhuisen DJ, Group ESCSD.
2015 ESC Guidelines for the manage-
ment of patients with ventricular ar-
rhythmias and the prevention of sudden
cardiac death: The Task Force for the
Management of Patients with Ventricu-
lar Arrhythmias and the Prevention of
Sudden Cardiac Death of the European
Society of Cardiology (ESC). Endorsed
by: Association for European Paediatric
and Congenital Cardiology (AEPC). Eur
Heart J 2015; 36: 2793–2867.

5. van Berlo JH, de Voogt WG, van der Kooi
AJ, van Tintelen JP, Bonne G, Yaou RB,

Duboc D, Rossenbacker T, Heidbuchel
H, de Visser M, Crijns HJ, Pinto YM.
Meta-analysis of clinical characteristics
of 299 carriers of LMNA gene mutations:
do lamin A/C mutations portend a high
risk of sudden death? J Mol Med (Berl)
2005; 83: 79–83.

6. Kumar S, Baldinger SH, Gandjbakhch E,
Maury P, Sellal JM, Androulakis AF,
Waintraub X, Charron P, Rollin A,
Richard P, Stevenson WG, Macintyre
CJ, Ho CY, Thompson T, Vohra JK,
Kalman JM, Zeppenfeld K, Sacher F,
Tedrow UB, Lakdawala NK. Long-term
arrhythmic and nonarrhythmic out-
comes of lamin A/C mutation carriers.
J Am Coll Cardiol 2016; 68: 2299–2307.

7. HolmstromM,KivistoS,HelioT, JurkkoR,
Kaartinen M, Antila M, Reissell E,
Kuusisto J, Karkkainen S, Peuhkurinen K,
Koikkalainen J, Lotjonen J, Lauerma K.
Late gadolinium enhanced cardiovascu-
larmagnetic resonanceof laminA/Cgene
mutation related dilated cardiomyopa-
thy.JCardiovascMagnReson2011;13:30.

8. Malek LA, Labib S, Mazurkiewicz L, Saj
M, Ploski R, Tesson F, Bilinska ZT. A
new c.1621 C > G, p.R541G lamin A/C
mutation in a family with DCM and re-
gional wall motion abnormalities
(akinesis/dyskinesis):
genotype-phenotype correlation. J Hum
Genet 2011; 56: 83–86.

9. Saj M, Jankowska A, Lewandowski M,
Szwed H, Szperl M, Ploski R, Bilinska
ZT. Dilated cardiomyopathy with pro-
found segmental wall motion abnormal-
ities and ventricular arrhythmia caused
by the R541C mutation in the LMNA
gene. Int J Cardiol 2010; 144: e51–e53.

10. Hookana E, Junttila MJ, Sarkioja T,
Sormunen R, Niemela M, Raatikainen

MJ, Uusimaa P, Lizotte E, Peuhkurinen
K, Brugada R, Huikuri HV. Cardiac arrest
and left ventricular fibrosis in a Finnish
family with the lamin A/C mutation.
J Cardiovasc Electrophysiol 2008; 19:
743–747.

11. Forissier JF, Bonne G, Bouchier C,
Duboscq-Bidot L, Richard P, Wisnewski
C, Briault S, Moraine C, Dubourg O,
Schwartz K, Komajda M. Apical
left ventricular aneurysm without
atrio-ventricular block due to a lamin
A/C gene mutation. Eur J Heart Fail
2003; 5: 821–825.

12. Sylvius N, Bilinska ZT, Veinot JP,
Fidzianska A, Bolongo PM, Poon S,
McKeown P, Davies RA, Chan KL, Tang
AS, Dyack S, Grzybowski J, Ruzyllo W,
McBride H, Tesson F. In vivo and
in vitro examination of the functional
significances of novel lamin gene muta-
tions in heart failure patients. J Med
Genet 2005; 42: 639–647.

13. Vytopil M, Benedetti S, Ricci E, Galluzzi
G, Dello Russo A, Merlini L, Boriani G,
Gallina M, Morandi L, Politano L,
Moggio M, Chiveri L, Hausmanova-
Petrusewicz I, Ricotti R, Vohanka S,
Toman J, Toniolo D. Mutation analysis
of the lamin A/C gene (LMNA) among
patients with different cardiomuscular
phenotypes. J Med Genet 2003; 40:
132e–1132e.

14. Fontana M, Barison A, Botto N,
Panchetti L, Ricci G, Milanesi M, Poletti
R, Positano V, Siciliano G, Passino C,
Lombardi M, Emdin M, Masci PG.
CMR-verified interstitial myocardial fi-
brosis as a marker of subclinical cardiac
involvement in LMNA mutation carriers.
JACC Cardiovasc Imaging 2013; 6:
124–126.

LMNA-DCM with transmural LGE 3183

ESC Heart Failure 2020; 7: 3179–3183
DOI: 10.1002/ehf2.12822



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 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 /HighResolution
      >>
      /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


