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For several years now recombinant human TSH (rhTSH)
has been approved by the European Medicines Agency
(EMEA) for the preparation of differentiated thyroid
carcinoma (DTC) patients for radioiodine (131I) ablation
of thyroid remnants after surgery. Its effectiveness in patient
preparation before 131I ablation has been shown in multiple
prospective studies [1–7].

In this editorial we will review the existing literature on
the topic of rhTSH-stimulated 131I ablation with emphasis
on factors that may influence the success rate of ablation,
such as the administered activity, the size of the post-
surgical thyroid remnant and the amount of stable iodine
present in patients at the time of ablation.

The available studies in the literature differ greatly in the
activities of 131I used for ablation as well as the stages of
patients eligible for inclusion, although most studies have
used fairly uniform criteria for successful ablation. The

available studies with their key criteria and results are
summarized in Table 1. In this table, it can be seen that in
those studies using 1.85 GBq (50 mCi) 131I or more, there
is little or no reason to doubt the equivalence of rhTSH to
levothyroxine (LT4) withdrawal for the preparation of
ablation, while rhTSH stimulation significantly decreases
the whole-body radiation exposure [8]. The effectiveness
of 131I ablation using rhTSH, which led to its approval by
European and US authorities for this indication, is
corroborated by a recent retrospective study of 394 patients
in which the short-term clinical recurrence did not differ
between subjects prepared by rhTSH or LT4 withdrawal
[9].

For the studies using 1.11 GBq (30 mCi) 131I, the results
are more differentiated: whereas the studies by Barbaro et
al. [6, 7] did not show a significant difference in the rates of
successful ablation between patients prepared with rhTSH
and LT4 withdrawal, Pacini et al. [5] did find a considerable
difference. Some speculation is possible about the reason
for the difference found by Pacini et al.; the most likely
explanation is that the administration of the ablative 131I
activity on the second day after the last administration of
rhTSH is too late. Based on a large international trial
[10] it was recommended in the registration that 131I
should be administered on the first day after the last
rhTSH injection.

The exact activity that needs to be administered in order
to achieve successful ablation is still a subject of debate
[11]. There are only a few studies comparing the success
rate of ablation during classic LT4 withdrawal and none that
compare different activities under rhTSH stimulation.
Those studies which are available, such as the one by Bal
et al. [12], seem to indicate that there is no real increase in
ablation success rates for activities exceeding 1.85 GBq
(50 mCi), albeit under classic withdrawal conditions.
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However, in the UK and in France two major trials are
currently ongoing, both of which contain an rhTSH arm,
which aim to determine what activity is required for a
successful 131I ablation; the first results of these trials are
expected to emerge later in the year 2010. Even if these
trials may not be able to provide the definitive and
nuanced answer to the question on how high the ablative
131I activity should be precisely, they will certainly be able
to give a good sense of the range for further detailed
research.

The second major consideration in 131I ablation is the
size of the thyroid remnants. This parameter strictly
depends on the true extent of the total thyroidectomy,
which in turn largely depends on the skill and experience of
the surgeon performing the procedure, as well as the
concomitant thyroid pathology such as goitre.

Measuring the size of the thyroid remnant remains a
difficult matter, certainly in the immediate post-operative
period where tissue oedema prevents the acquisition of a
clear image and accurate measurements. A post-surgery
ultrasound probably represents the easier diagnostic tool to
evaluate the size of the post-operative thyroid remnants and
should be part of any post-surgical evaluation. Ideally
(though in clinical practice this is often difficult as ablation
is often scheduled ca. 4 weeks after surgery) it should not
be performed before 40–60 days after surgery to allow the
post-surgical oedema to recede. Nonetheless volume esti-
mation of small thyroid remnants remains difficult and
imprecise, which in turn makes an meaningful thyroid
remnant dosimetry all but impossible.

A final important point that deserves attention when
trying to use lower activities of 131I is the potential role of
the iodine metabolism. Some important differences exist in
this regard between LT4 withdrawal and rhTSH stimulation.
The iodine clearance in euthyroid state is considerably
higher than in hypothyroidism [8, 13–16] for example.
Therefore the biological whole-body half-life of 131I is
shorter under rhTSH stimulation than it is under withdraw-
al. In contrast it is also known that the intrathyroidal 131I
half-life is longer during rhTSH stimulation than during
LT4 withdrawal [8, 16, 17]. This can be explained by the
relatively short duration of the rhTSH stimulus, which only
results in a modest secretion of thyroid hormone-bound
radioiodine. The 131I residence time between rhTSH
stimulation and LT4 withdrawal in normal cells does not
differ however, as the thyrocytes’ 131I uptake tends to be
lower after rhTSH stimulation than during LT4 withdrawal
[8, 16].

Physiology teaches us that 131I uptake is, at least in part,
inversely related to iodine intake and the whole-body iodine
pool, as stable iodine in a pharmacological sense works as a
competitive 131I inhibitor. For this reason low-iodine diets
have been employed for many years in preparing patients
for 131I ablation [18–21]. Considering that, as stated before,
iodine uptake tends to be lower under rhTSH than under
withdrawal, it seems that in the case of rhTSH-stimulated
ablation the need for reducing the whole-body stable iodine
pool is even more important in order to maximize the
therapeutic effect of the longer iodine retention under
rhTSH. This may be especially true in areas with a high

Table 1 An overview of prospective studies on rhTSH ablation, ordered by activity used for ablation. All studies were rhTSH vs withdrawal
unless otherwise noted

Study No. of patients
(controls)

Stages included
in trial

131I administration
on day after last
rhTSH injection

131I activity used
for ablation

Criteria for
successful ablation

% Successful ablation
in patients (controls)

Robbins et al. [1] 10 (0) I-IV 1 1.11–9.25 GBq,
dosimetry based

No visible 131I uptake 100% (NA)

Pacini et al. [2] 32 (28) pT1-4 N0-1 M0 1 3.7 GBq No visible 131I uptake 75% (86%), p=NS

<0.1% thyroid uptake 100% (100%)

Pilli et al. [3] 72 (0) pT1-4 N0-1 M0 1 1.85 GBq vs
3.7 GBq

TG < 1 nmol/l 1.85 GBq: 78.9%; 3.7
GBq: 66.6%, p=NS

No visible 131I uptake Both groups 88.9%

Chianelli et al. [4] 21 (21) pT1 N0 1 2.0 GBq TG < 1 nmol/l 85% (90%), p=NS

No visible 131I uptake 90.5% (95.2%), p=NS

Pacini et al. [5] 42 (30) pT1-4 N0-1 M0 2 1.11 GBq No visible 131I uptake 54% (84%), p<0.01

Barbaro et al. [6] 16 (19) I-II 1; LT4 was stopped
4 days before 131I

1.11 GBq TG < 1 nmol/l 87.6% (79.1%), p=NS

No visible 131I uptake 88.7% (75.0%), p=NS

Barbaro et al. [7] 52 (41) I-II 1; LT4 was stopped
4 days before 131I

1.11 GBq TG < 1 nmol/l 86.5% (78.0%), p=NS

No visible 131I uptake 76.9% (75.6%), p=NS

TG thyroglobulin
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nutritional iodine intake. Consequently it is conceivable
that the lower the ablative 131I activity used, the more
important the reduction of stable iodine becomes. The
studies by Barbaro et al. [6, 7], who performed ablation
under rhTSH stimulation with an activity of only 1.1 GBq
after patient preparation with a stringent diet as well as a so-
called mini-withdrawal (i.e. the discontinuation of LT4 for
4 days before 131I administration as it is a source of stable
iodine), seem to prove that it is possible to effectively
ablate patients using only 1.11 GBq when paying attention
to the reduction of the whole-body iodine pool; the ablation
success rates in the studies by Barbaro et al. were
comparable with those in studies which used a higher
ablative 131I activity. Furthermore, in a recently published
study by Barbaro et al. [22] comparing stage-adjusted
activities for rhTSH-stimulated ablation as well as several
preparation regimes, it was shown that the whole-body pool
of stable iodine, as measured by its urinary excretion, could
be further reduced significantly by adding furosemide
treatment to the preparation regime. In this study, patients
pre-treated with furosemide showed a non-significant trend
towards a higher success rate.

With only sparse literature to go by, it seems that the role
of the reduction of the whole-body stable iodine pool
before ablation certainly deserves further study—especially
where it comes to measures such as the addition of a mini-
withdrawal or furosemide therapy to the patient preparation
procedure.

In conclusion, there are still (too) many open questions
to definitively answer what activity is the lowest reasonably
achievable activity for rhTSH-stimulated 131I ablation.
There are however indications in the literature that lower
activities of 1.85 GBq or, at least with special preparations
such as an LT4 mini-withdrawal and/or furosemide treat-
ment, even 1.1 GBq are attainable. Whether 1.1 GBq 131I is
also sufficient without such extensive patient preparation,
or in patients with large thyroid remnants, remains subject
to further study.

References

1. Robbins RJ, Tuttle RM, Sonenberg M, Shaha A, Sharaf R,
Robbins H, et al. Radioiodine ablation of thyroid remnants after
preparation with recombinant human thyrotropin. Thyroid
2001;11:865–9.

2. Pacini F, Ladenson PW, Schlumberger M, Driedger A, Luster M,
Kloos RT, et al. Radioiodine ablation of thyroid remnants after
preparation with recombinant human thyrotropin in differentiated
thyroid carcinoma: results of an international, randomized,
controlled study. J Clin Endocrinol Metab 2006;91:926–32.

3. Pilli T, Brianzoni E, Capocetti F, Castagna MG, Fattori S, Poggiu
A, et al. A comparison of 1850 (50 mCi) and 3700 (100 mCi)
131-iodine administered doses for recombinant thyrotropin-

stimulated postoperative thyroid remnant ablation in differentiated
thyroid cancer. J Clin Endocrinol Metab 2007;92:3542–6.

4. Chianelli M, Todino V, Graziano FM, Panunzi C, Pace D,
Guglielmi R, et al. Low-activity (2.0 GBq; 54 mCi) radioiodine
post-surgical remnant ablation in thyroid cancer: comparison
between hormone withdrawal and use of rhTSH in low-risk
patients. Eur J Endocrinol 2009;160:431–6.

5. Pacini F, Molinaro E, Castagna MG, Lippi F, Ceccarelli C, Agate
L, et al. Ablation of thyroid residues with 30 mCi (131)I: a
comparison in thyroid cancer patients prepared with recombinant
human TSH or thyroid hormone withdrawal. J Clin Endocrinol
Metab 2002;87:4063–8.

6. Barbaro D, Boni G, Meucci G, Simi U, Lapi P, Orsini P, et al.
Radioiodine treatment with 30 mCi after recombinant human
thyrotropin stimulation in thyroid cancer: effectiveness for
postsurgical remnants ablation and possible role of iodine content
in L-thyroxine in the outcome of ablation. J Clin Endocrinol
Metab 2003;88:4110–5.

7. Barbaro D, Boni G, Meucci G, Simi U, Lapi P, Orsini P, et al.
Recombinant human thyroid-stimulating hormone is effective for
radioiodine ablation of post-surgical thyroid remnants. Nucl Med
Commun 2006;27:627–32.

8. Hänscheid H, Lassmann M, Luster M, Thomas SR, Pacini F,
Ceccarelli C, et al. Iodine biokinetics and dosimetry in radioiodine
therapy of thyroid cancer: procedures and results of a prospective
international controlled study of ablation after rhTSH or hormone
withdrawal. J Nucl Med 2006;47:648–54.

9. Tuttle RM, Brokhin M, Omry G, Martorella AJ, Larson SM,
Grewal RK, et al. Recombinant human TSH-assisted radioactive
iodine remnant ablation achieves short-term clinical recurrence
rates similar to those of traditional thyroid hormone withdrawal. J
Nucl Med 2008;49:764–70.

10. Haugen BR, Pacini F, Reiners C, Schlumberger M, Ladenson PW,
Sherman SI, et al. A comparison of recombinant human
thyrotropin and thyroid hormone withdrawal for the detection of
thyroid remnant or cancer. J Clin Endocrinol Metab 1999;84:3877–
85.

11. Luster M, Clarke SE, Dietlein M, Lassmann M, Lind P, Oyen WJ,
et al. Guidelines for radioiodine therapy of differentiated thyroid
cancer. Eur J Nucl Med Mol Imaging 2008;35:1941–59.

12. Bal CS, Kumar A, Pant GS. Radioiodine dose for remnant
ablation in differentiated thyroid carcinoma: a randomized clinical
trial in 509 patients. J Clin Endocrinol Metab 2004;89:1666–
73.

13. Löffler M, Weckesser M, Franzius C, Kies P, Schober O. Iodine
excretion during stimulation with rhTSH in differentiated thyroid
carcinoma. Nuklearmedizin 2003;42:240–3.

14. Menzel C, Kranert WT, Döbert N, Diehl M, Fietz T, Hamscho N,
et al. rhTSH stimulation before radioiodine therapy in thyroid
cancer reduces the effective half-life of (131)I. J Nucl Med
2003;44:1065–8.

15. Luster M, Sherman SI, Skarulis MC, Reynolds JR, Lassmann
M, Hänscheid H, et al. Comparison of radioiodine biokinetics
following the administration of recombinant human thyroid
stimulating hormone and after thyroid hormone withdrawal in
thyroid carcinoma. Eur J Nucl Med Mol Imaging 2003;30:
1371–7.

16. Remy H, Borget I, Leboulleux S, Guilabert N, Lavielle F, Garsi J,
et al. 131I effective half-life and dosimetry in thyroid cancer
patients. J Nucl Med. 2008;49:1445–50.

17. Dobert N, Menzel C, Oeschger S, Grunwald F. Differentiated
thyroid carcinoma: the new UICC 6th edition TNM classification
system in a retrospective analysis of 169 patients. Thyroid.
2004;14:65–70.

18. Goslings BM. Proceedings: effect of a low iodine diet on 131-I
therapy in follicular thyroid carcinomata. J Endocrinol. 1975;64:30.

Eur J Nucl Med Mol Imaging (2010) 37:1251–1254 1253



19. Maxon HR, Thomas SR, Boehringer A, Drilling J, Sperling MI,
Sparks JC, et al. Low iodine diet in I-131 ablation of thyroid
remnants. Clin Nucl Med. 1983;8:123–6.

20. Pluijmen MJ, Eustatia-Rutten C, Goslings BM, Stokkel MP,
Arias AM, Diamant M, et al. Effects of low-iodide diet on
postsurgical radioiodide ablation therapy in patients with differ-
entiated thyroid carcinoma. Clin Endocrinol (Oxf). 2003;58:428–
35.

21. Park JT, Hennessey JV. Two-week low iodine diet is necessary for
adequate outpatient preparation for radioiodine rhTSH scanning in
patients taking levothyroxine. Thyroid. 2004;14:57–63.

22. Barbaro D, Grosso M, Boni G, Volterrani D, Lapi P, Pasquini C, et
al. Recombinant human TSH and ablation of post-surgical thyroid
remnants in differentiated thyroid cancer: the effect of pre-
treatment with furosemide and furosemide plus lithium. Eur J
Nucl Med Mol Imaging 2009;doi 10.1007/-s00259-009-1254-2.

1254 Eur J Nucl Med Mol Imaging (2010) 37:1251–1254

http://dx.doi.org/10.1007/-s00259-009-1254-2

	ALARA in rhTSH-stimulated post-surgical thyroid remnant ablation: what is the lowest reasonably achievable activity?
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


