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Abstract

A 53-year-old man with depressed ejection fraction (EF) of 35% and QRS width of 88 ms at rest was admitted to
our institution with a complaint of exertional chest discomfort and dyspnea. During treadmill exercise, left bundle-
branch block (LBBB) with a QRS width of 152 ms occurred at a heart rate of 100 bpm. During LBBB, the patient
showed significant mechanical dyssynchrony as evidenced by a two-dimensional speckle tracking radial strain of
260 ms (=130 ms), defined as the time difference between anterior-septum and posterior wall. Five-month after
carvedilol and candesartan administration, EF had improved to 49% and LBBB did not occur until a heart rate of
126 bpm was attained during treadmill exercise. It appears that pharmacological therapy may be useful for patients

with heart failure and exercise-induced LBBB.

Background

The occurrence of left bundle branch block (LBBB) dur-
ing exercise testing is a relatively rare occurrence. In
fact, only approximately 0.5%-1.1% of all patients who
undergo exercise testing develop a transient LBBB dur-
ing exercise [1,2]. While the exact causative mechanism
for exercise-induced LBBB remains unclear, it may
reflect underlying myocardial dysfunction, structural
heart disease, or compromised coronary circulation.
LBBB is known to impair the mechanical function of
the left ventricle, and previous studies have shown that
LBBB is associated with increased mortality, while the
relative risk associated with the presence of LBBB in
these studies varied roughly between 1.5 and 2.0, even
after adjustment for covariates [3-6].

LBBB is characterized by early septal radial inward
thickening, followed by late posterior inward thickening,
which then results in a significant LV dyssynchrony. LV
dyssynchrony has emerged as an important mechanism
contributing to progression of heart failure and
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ventricular remodeling, and appears to play a major
pathophysiologic role in heart failure. LV dyssynchrony
affects LV diastolic function, right ventricular and left
atrial function as well as LV systolic function. This
report concerns a 53-year-old man with exercised-
induced LBBB and subsequent mechanical LV dyssyn-
chrony, which was resolved with pharmacological
therapy.

Case presentation

A 53-year-old man was admitted to our institution with
a complaint of exertional chest discomfort and dyspnea.
Physical examination and chest radiography findings
were normal. The 12-lead electrocardiogram taken at
rest revealed normal sinus rhythm with a QRS width of
88 ms (Figure 1A). Echocardiographic examination was
performed to assess LV function (Aplio Artida, Toshiba
Medical Systems Corporation, Tochigi, Japan). The LV
ejection fraction (EF) calculated with biplane Simpson’s
rule was 35%, LV end-diastolic diameter was 55 mm
and left ventricular end-systolic diameter was 40 mm
(Table 1, Additional file 1: Video 1). No abnormalities
were found in the mitral and aortic valve. Because of
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heart rate of 126 bpm.
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Figure 1 12-lead electrocardiogram. (A) 12-lead electrocardiogram taken at rest shows a QRS width of 88 ms. (B) 12-lead electrocardiogram
after treadmill exercise test indicates a left bundle branch block with a QRS width of 152 ms at a heart rate of 100 bpm. (C) 12-lead
electrocardiogram following the treadmill exercise test 5-month after pharmacological therapy does not show any a left bundle branch block at a
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the patient’s history of exertional chest discomfort and
dyspnea, treadmill stress echocardiography according to
the Bruce protocol was administrated. Before exercise,
heart rate was 60 bpm and blood pressure was 136/80
mmHg, and 4 minutes after starting the exercise, LBBB
with a QRS width of 152 ms occurred at a heart rate of
100 bpm (Figure 1B), but the patient did not develop
chest pain or any other symptoms during stress testing.
During LBBB, the patient showed significant mechanical
dyssynchrony as evidenced by a speckle tracking radial
strain of 260 ms (=130 ms) [7,8], defined as a time
difference between anterior-septum and posterior wall
(Figure 2 Additional file 2: Video 2). When echocardio-
graphic dyssynchrony analysis was repeated with
the patient at rest after LBBB had disappeared, the

Table 1 Resting echocardiographic characteristics in the
patient

Baseline 5-month after
pharmacological
therapy

Left ventricular end-diastolic 55 46
diameter (mm)

Left ventricular end-systolic diameter 37 33

(mm)

Left atrial diameter (mm) 33 31
Thickness of interventricular septum 13 12

(mm)

Thickness of posterior wall (mm) 12 12

dyssynchrony of 45 ms, again detected by speckle track-
ing radial strain, was not significant (Figure 3).
Coronary angiography did not reveal significant stenosis,
and LVEF was 35%, pulmonary capillary wedge pressure
11 mmHg, pulmonary artery pressure 23/6 mmHg, and
cardiac index 3.01 1/min/m®. Histological examination of
the excised right ventricle showed none of the signifi-
cant features of cardiomyopathy.

The patient was treated with final daily dosages of
20 mg carvedilol and 4 mg candesartan for depressed LV
systolic function. Five-month after administration of the
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Figure 2 Speckle tracking radial time strain curves derived
from a mid-left ventricular short-axis image with left bundle
branch block after treadmill exercise test. Significant mechanical
dyssynchrony is indicate by the time difference (white arrow) of 260
ms between time-to peak strain in the anterior septum (red line)
and to posterior wall peak strain (green line).
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Figure 3 Speckle tracking radial time strain curves derived
from a mid-left ventricular short-axis image after
disappearance of the left bundle branch block. Speckle tracking
radial dyssynchrony of 45 ms was not significant.

medication, LVEF had improved to 49% as calculated
with biplane Simpson’s rule (Additional file 3, Video 3).
The treadmill exercise test according to the Bruce proto-
col was also performed. LBBB did not occur until a heart
rate of 126 bpm had been reached (Figure 1C).

Discussion
The case reported here concerns a patient with exercise-
induced LBBB and subsequent significant mechanical LV
dyssynchrony assessed by two-dimensional speckle track-
ing radial strain. The most important aspect of this case is
that exercise-induced LBBB and LV function were resolved
with pharmacological therapy. To the best of our knowl-
edge, this is the first report in the literature of such a case.
The occurrence of LBBB during exercise testing is a
relatively rare finding. In fact, only approximately
0.5%-1.1% of all patients who undergo exercise testing
develop a transient LBBB during exercise [1,2]. The pre-
cise causative mechanism for exercise-induced LBBB
remains unclear, but it may be a reflection of underlying
myocardial dysfunction, structural heart disease, or com-
promised coronary circulation. It was first suggested
that it is caused most often by occlusive coronary artery
disease, but several authors have reported patients who
developed exercise-induced LBBB even though coronary
angiography findings appeared normal. Furthermore,
Loubeyre et al suggested the presence of microcircula-
tory ischemia undetectable by coronary angiography as a
possible mechanism for exercise-induced LBBB [9]. The
prognostic significance of exercise-induced LBBB is also
poorly understood. The general consensus in the litera-
ture is that the prognosis of exercise-induced LBBB is
good if there is no underlying structural heart disease
[10,11]. On the other hand, Grady et al used a large
patient series to demonstrate that exercise-induced
LBBB can be an independent predictor of major cardio-
vascular morbidity and mortality [1]. It has also been
suggested that another prognostic factor is the heart
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rate at which exercise-induced LBBB occurs. That is, the
onset of exercise-induced LBBB at a heart rate of
120-125 bpm or lower correlated strongly with the pre-
sence of occlusive coronary artery disease, whereas
patients who develop exercise-induced LBBB at a heart
rate of 120-125 bpm or higher show normal-appearing
coronary arteriograms and have a better prognosis [10].
In the case presented in our report, the heart rate
at onset of exercise-induced LBBB was recorded at
100 bpm but the patient did not develop any symptoms
suggestive of angina pectoris. While the precise reason
for the effect of pharmacological therapy on exercise-
induced LBBB remains unknown, such therapy may
simply shift the heart rate at which LBBB ensues
because the onset of LBBB is heart rate related.

LV dyssynchrony impairs LV diastolic, right ventricular
and left atrial function as well as LV ejection efficiency.
LV dyssynchrony has therefore emerged as an important
mechanisms contributing to the progression of heart fail-
ure and ventricular remodeling, and appears to play a
major pathophysiologic role in heart failure. Since
roughly one-third of heart failure patients with a wide
QRS width do not show significant LV dyssynchrony
[8,12], the quantification of LV dyssynchrony by means
of echocardiography could be important for assessment
of heart failure patients. In our case, the patient’s symp-
tom appeared during treadmill exercise, and LBBB with
LV dyssynchrony during the activity impaired his LV
function (Table 2). Thus, exercise-induced LV dyssyn-
chrony might constitute a warning for this patient.
Because LBBB is characterized by early septal radial
inward thickening, followed by late posterior inward
thickening, we focused on radial thickening as a major
vector of LV contraction and short-axis dynamics as
important markers for the assessment of LV dyssyn-
chrony. LV dyssynchrony has emerged as an important
mechanisms contributing to the progression of heart fail-
ure and ventricular remodeling, and appears to play a
major pathophysiologic role in heart failure. According
to previous studies involving radial strain detected by
speckle tracking, baseline speckle tracking radial dyssyn-
chrony, defined as a time difference in peak septal-to-
posterior wall strain > 130 ms, predicted chronic
response to CRT [7,8]. Because this phenomenon was
observed only in a case with a typical LV dyssynchrony
pattern, the presence of this phenomenon needs to be
confirmed in a case without LV dyssynchrony.

Conclusions

Exercise-induced LBBB with significant mechanical LV
dyssynchrony may constitute an important prognostic
finding for patients with heart failure. Moreover, pharma-
cological therapy using drugs such as carvedilol and can-
desartan may be useful for the treatment of exercise-
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Table 2 Resting and peak stress clinical and echocardiographic characteristics at baseline and follow-up in the patient

5-month after
pharmacological therapy

Baseline

Rest Peak stress Rest Peak stress
Clinical parameters
Heart rate (bpm) 60 138 54 135
Systolic blood pressure (mmHg) 136 184 118 176
Diastolic blood pressure (mmHg) 64 106 58 102
Double product (mmHg/min) 8160 25392 6372 23760
Echocardiographic parameters
LV end-diastolic volume (ml) 108 109 87 88
LV end-systolic volume (ml) 70 76 44 40
LV ejection fraction (%) 35 30 49 54
Mitral inflow pattern impaired LV relaxation impaired LV relaxation normal normal
E/E 189 193 114 109
Radial dyssynchrony by speckle tracking strain (ms) 45 260 42 48

E, early diastolic wave velocity; E', early diastolic mitral annular velocity; LV, left ventricular.

induced LBBB. Because ours was an isolated case, further
clinical studies are required to validate this finding.

Consent

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

Additional material

Additional file 1: Apical 4-chamber view at baseline, showing left
ventricular ejection fraction of 35% determined with biplane
Simpson’s rule.

Additional file 2: Apical 4-chamber view with left bundle branch
block during treadmill exercise, showing left ventricular mechanical
dyssynchrony.

Additional file 3: Apical 4-chamber view 5-month after
pharmacological therapy, showing left ventricular ejection fraction
of 49% determined with biplane Simpson’s rule.
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Authors’ contributions

HT designed the study, carried out subject recruitment, performed
echocardiography, analysed the data, and wrote the manuscript. MH, TM, TT,
AK, KR, KY, YF, KN, KT, KM, HK, and KH assisted recruitment and manuscript
revision. All authors read and approved the final manuscript.

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

Received: 14 January 2011 Accepted: 7 February 2011
Published: 7 February 2011

References

1. Grady TA, Chiu AC, Snader CE, Marwick TH, Thomas JD, Pashkow FJ,
Lauer MS: Prognostic significance of exercise-induced left bundle-branch
block. JAMA 1998, 279(2):153-156.

2.

Vasey C, O'Donnell J, Morris S, McHenry P: Exercise-induced left bundle
branch block and its relation to coronary artery disease. Am J Cardiol
1985, 56(13):392-895.

Eriksson P, Wilhelmsen L, Rosengren A: Bundle-branch block in middle-
aged men: risk of complications and death over 28 years. The Primary
Prevention Study in Goteborg, Sweden. Eur Heart J 2005,
26(21):2300-2306.

Freedman RA, Alderman EL, Sheffield LT, Saporito M, Fisher LD: Bundle
branch block in patients with chronic coronary artery disease:
angiographic correlates and prognostic significance. / Am Coll Cardiol
1987, 10(1):73-80.

Hesse B, Diaz LA, Snader CE, Blackstone EH, Lauer MS: Complete bundle
branch block as an independent predictor of all-cause mortality: report
of 7,073 patients referred for nuclear exercise testing. Am J Med 2001,
110(4):253-259.

Schneider JF, Thomas HE, Sorlie P, Kreger BE, McNamara PM, Kannel WB:
Comparative features of newly acquired left and right bundle branch
block in the general population: the Framingham study. Am J Cardiol
1981, 47(4):931-940.

Suffoletto MS, Dohi K, Cannesson M, Saba S, Gorcsan J: Novel speckle-
tracking radial strain from routine black-and-white echocardiographic
images to quantify dyssynchrony and predict response to cardiac
resynchronization therapy. Circulation 2006, 113(7):960-968.

Tanaka H, Nesser HJ, Buck T, Oyenuga O, Janosi RA, Winter S, Saba S,
Gorcsan J: Dyssynchrony by speckle-tracking echocardiography and
response to cardiac resynchronization therapy: results of the Speckle
Tracking and Resynchronization (STAR) study. Fur Heart J 2010,
31(14):1690-1700.

Loubeyre C, Tison E, Neuville C, Degroote P, Ducloux G: [Painful left
bundle-branch block during exertion]. Ann Cardiol Angeiol (Paris) 1991,
40(10):613-617.

Hertzeanu H, Aron L, Shiner RJ, Kellermann J: Exercise dependent
complete left bundle branch block. fur Heart J 1992, 13(11):1447-1451.
Munt B, Huckell VF, Boone J: Exercise-induced left bundle branch block: a
case report of false positive MIBI imaging and review of the literature.
Can J Cardiol 1997, 13(5):517-521.

Auricchio A, Fantoni C, Regoli F, Carbucicchio C, Goette A, Geller C, Kloss M,
Klein H: Characterization of left ventricular activation in patients with heart
failure and left bundle-branch block. Circulation 2004, 109(9):1133-1139.

doi:10.1186/1476-7120-9-4

Cite this article as: Tanaka et al.: Exercise-induced left bundle branch
block and subsequent mechanical left ventricular dyssynchrony
-resolved with pharmacological therapy. Cardiovascular Ultrasound 2011
9:4.



http://www.biomedcentral.com/content/supplementary/1476-7120-9-4-S1.AVI
http://www.biomedcentral.com/content/supplementary/1476-7120-9-4-S2.AVI
http://www.biomedcentral.com/content/supplementary/1476-7120-9-4-S3.AVI
http://www.ncbi.nlm.nih.gov/pubmed/9440667?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9440667?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4061330?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4061330?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16214833?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16214833?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16214833?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3597997?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3597997?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3597997?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11239842?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11239842?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11239842?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6452050?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6452050?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16476850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16476850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16476850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16476850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20530502?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20530502?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20530502?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1781636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1781636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1464333?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1464333?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9179091?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9179091?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14993135?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14993135?dopt=Abstract

	Abstract
	Background
	Case presentation
	Discussion
	Conclusions
	Consent
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


