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CASE REPORT Open Access
Reinstrumentation for rapid curve progression
after implant removal following posterior
instrumented fusion in adolescent idiopathic
scoliosis: a case report
Toshiaki Kotani1*, Tsutomu Akazawa1, Jose MT Lumawig2, Tsuyoshi Sakuma1 and Shohei Minami1
Background context: Spinal implants are occasionally removed due to infection or soft tissue irritation secondary
to prominence. Several studies have reported loss of scoliotic curve correction after implant removal. However,
further review of the literature reveals no similar cases of rapid curve progression following implant removal in
patients with adolescent idiopathic scoliosis (AIS) necessitating repeat posterior instrumented fusion.

Purpose: To describe a 15-year-old female AIS patient treated by posterior instrumented fusion, who developed
unusual rapid coronal and sagittal curve progression after implant removal.

Study design: Case report.

Methods: Retrospective case report.

Results: A 15-year-old female with Lenke type 1A AIS underwent a successful posterior spinal fusion with
instrumentation. She initially had no complications after surgery, but three years after instrumentation, her implants
were removed due to pain secondary to implant prominence. Fifteen months after removal, the main thoracic
curve increased, compared with radiographs taken before removal, from 29° to 57°. This development required the
patient to undergo additional surgery, which involved multiple osteotomies and posterior reinstrumentation.

Conclusions: We must acknowledge that a remarkable amount of progression can occur rapidly following implant
removal in scoliotic patients. Taking this into consideration,we need to carefully explain to patients that removal of
their implants entails a risk of progressive deformity and that they need to follow-up with their physician after
implant removal.
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Background
Spinal implants are occasionally removed due to irritation
secondary to prominent implants or infection in surgically-
corrected scoliotic patients [1-3]. Despite the frequency of
implant removal, relatively few reports in the literature have
described the clinical and radiographic results following
removal of posterior spine implants from scoliotic patients.
Furthermore, to our knowledge, no cases have been
reported of rapid progression of a coronal curve after
implant removal (compared with the curve just prior to
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implant removal) to an extent requiring reinstrumentation
in adolescent idiopathic scoliosis (AIS) patients.
We present the case of a 15-year-old young woman with

AIS treated by posterior spinal fusion and instrumentation.
Three years after instrumentation, implants were removed
due to pain secondary to implant prominence. Fifteen
months after removal, the main thoracic curve had
increased significantly from 29° to 57°. This reemergence
of scoliosis required multiple osteotomies and posterior
instrumentation using pedicle screws inserted with naviga-
tion. The patient and her parents have given informed
consent to submission of this case for publication.
Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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Figure 1 Standing radiographs. (A) Radiographs before initial surgery. (B) Radiographs 3 years after initial surgery.
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Case presentation
History and physical examination
A 15-year-old female diagnosed with AIS presented with
a progressive curve classified as Lenke type 1A. The
right thoracic Cobb angle was 56° (T6-T12), with a
nonstructural left lumbar curve of 23° before her initial
surgery (Figure 1A). She experienced menarche at age
12. She had an unremarkable past medical and family
history and on physical examination, the forward bend-
ing test revealed a right thoracic hump. Her neurologic
examination was normal. Magnetic resonance imaging
and computed tomography (CT) myelogram showed no
abnormal findings in her spine.
The patient underwent posterior spinal fusion (T6-L2)

and three-level thoracoplasty (9-11th ribs) with 6.3 mm
titanium rod and screw and hook instrumentation,
sublaminar wiring, and autogenous rib and local bone
grafting. The surgery substantially corrected her deformity,
leaving her with a right thoracic scoliosis of 24°. She did
well after the surgery until she started experiencing pain
Figure 2 Standing radiographs. (A) Radiographs 1 month after implant r
secondary to prominent implants in the upper thoracic
spine one year after surgery. Three years after the initial
surgery, at age 18, her back pain had worsened due to
metallic prominence, and she wanted to remove her
implants. We agreed to remove her implants, because our
group had concluded at that time that the spinal implants
should be removed after bony fusion to avoid corrosion of
the spinal implants [4]. At the time of examination just
prior to the planned implant removal, her Cobb angle was
noted to have increased 5, to 29° (T6-T12) (Figure 1B).
Implant removal was performed, but part of the subla-

minar wiring could not be removed due to solid bony
union surrounding the wires. Intraoperative exploration of
the fusion mass revealed no evidence of pseudarthrosis.
One month after removal, her right thoracic curve was
33°, representing an additional 4° loss of correction
(Figure 2A). The patient failed to follow up, and we
had no further contact with her until she returned for care
18 months after implant removal after noting a recurrence
of her deformity.
emoval. (B) Radiographs 18 months after implant removal.
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Comparison of radiographs at that time with radiographs
prior to implant removal demonstrated significant progres-
sion of her thoracic curve, from 29° to 57°. The kyphosis
between T5 and T12 also had increased, from 45° to 62°
(Figure 2B). She had no neurologic deficits since the time
of the initial instrumentation. On examination, the thoracic
curve demonstrated minimal flexibility on preoperative
bending films (Figure 3). Preoperative three-dimensional
CT scanning revealed partial clefts between T11 and T12,
but the CT images were inconclusive as to whether the
fusion mass had a complete lack in continuity or non-
Figure 3 Bending radiograph prior to reinstrumentation.
union (Figure 4). She was assumed to have solid fusions
at this time.

Surgery
During the third operation, the fusion mass was com-
pletely exposed and explored (Figure 5). Although no
pseudarthrosis had been identified initially, more meticu-
lous exploration using a nibbler and rongeur discovered
left partial clefts of the fusion mass at T11–T12 above her
previous posterior fusion, though no motion within the
fused segments was detected. No other site of possible
pseudarthrosis was found. Because of its rigidity, the
deformity required Smith-Peterson osteotomy of the
fusion mass and revision posterior fusion with instru-
mentation using 6.3 mm titanium rods at T5-L2. A
CT-based navigation system was used to perform the
osteotomy and to insert pedicle screws due to the lack
of normal anatomical structures. The surgery reduced
her scoliosis to 18° (Figure 6).

Discussion
The results of instrumentation removal following posterior
spinal fusion for treatment of AIS remain controversial.
Rathjen et al. [5] studied 43 patients who had undergone
posterior spinal fusion for idiopathic scoliosis and subse-
quently had complete removal of all instrumentation. They
reported two patients with a progression of their coronal
curve exceeding 10° (11° and 20°). Potter et al. [6] reported
an immediate loss of approximately 4° (range 0°-8°) after
removal, with continued settling of an additional 6° (10°
total) in the main thoracic curve in adolescent idiopathic
scoliosis. Helenius et al. [7] reported on 78 patients
with adolescent idiopathic scoliosis after Harrington
Instrumentation. Fifty of these patients underwent routine
rod removal two years after spinal fusion. The mean
preoperative, two-year follow-up, and 20-year follow-up
thoracic Cobb angles were 53°, 40°, and 48°, respectively,
in the patients who had implants removed. Muschik et al.
[8] reported that radiographic follow-up revealed signifi-
cant loss of correction versus the measurements obtained
immediately before instrumentation removal in all 45
patients. Mean correction loss was 6° (from 31° to 37°)
for the primary (thoracic) curve. In contrast, 15 months
after removal, the main thoracic curve in the present
patient increased from 29° to 57°. Surprisingly, her coronal
curve fifteen months after removal was just as large as her
initial, preoperative one (56°). This amount of progression
far exceeds the reported data in both magnitude and
rapidity of curve progression.
Several possible explanations could account for the

amount of coronal curve progression following implant
removal. Preoperative CT prior to reinstrumentation
revealed partial clefts between T11 and T12, but no
clear evidence of a pseudarthrosis. The partial cleft in



Figure 4 Three-dimensional computed tomography (CT) image prior to reinstrumentation.
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the second reinstrumentation surgery showed one potential
pseudarthrosis that had not been recognized at the
time of surgical exploration during the removal surgery.
The patient additionally might have had other occult
pseudarthroses, despite the thoracic curve having demon-
strated minimal flexibility within the fused area. Initially,
the pseudarthrosis might have been covered by a weak
sheet of bone similar to a mature fusion bone such that
no motion was identified within the fused segments after
removal. If we had subsequently removed the weak sheet
of bone more, the pseudarthrosis might have manifested.
Deckey et al. [9] reported that surgical exploration is
imperfect for positive detection of a pseudarthrosis. CT,
flexion/extension radiographs, and/or bone scintigraphy
may be helpful to confirm the location and morphology
of established nonunions, but current radiographic
techniques are also inadequate for reliably excluding the
presence of pseudarthrosis [10]. In previous reports, most
of the authors identified no patient who was found intra-
operatively to have a pseudarthrosis. The cleft in our case
is not incompatible with these reports: because there is no
definitive method for detecting pseudarthrosis, some of
the patients in these prior studies may have had occult
pseudarthrosis that was not detected. To our knowledge,
no prior published reports have described a rapid worsen-
ing of the coronal curve in AIS as severe as that observed
in the present patient. One possible explanation is that our
patient might have had undetected pseudarthrosis covered
by a weak sheet of bone similar to a mature fusion bone.
Even if our patient had undetected pseudarthrosis, the



Figure 5 Operative photographs. Intraoperative view (A) before osteotomies and (B) after osteotomies.

Figure 6 Radiographs after reinstrumentation surgery.
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observed amount and rapidity of curve progression is still
unusual. Lack of good quality and quantity of autologous
bone at the first surgery might have affected the lack of
spinal fusion. Alternatively, the amount of fusion in
our patient may have played a role in the coronal curve
progression. Compared to pedicle screw fixation, which
has been widely used in recent years, upper hook instru-
mentation with autogenous rib and local bone grafting
might not have been strong enough to produce solid bone
union. The thin layer evidently had enough strength to
prevent mobility, requiring an osteotomy to correct,
but possibly its strength was insufficient to resist the
continuous load placed upon the spine, leading to coronal
progression. Moreover, partial facetectomy in the first
surgery might have created conditions resulting in
worse effects compared with the natural history of
uninstrumented scoliosis. Potter et al. [6] suggest that
some differences between patients in curve settling reflect
the degree of fusion mass consolidation or maturation.
Usually, the increase in curvature that occurs is well-
tolerated clinically [6], but in our patient who developed
the worst reported increase in curvature, the coronal and
sagittal curves became symptomatic, and notable cosmetic
deformity recurred. One possible mechanism of the cor-
rection loss is that rebalancing the shoulders by a postural
control system might increase the left proximal thoracic
curve and secondarily the right thoracic main curve. This
is speculation, however, and further study is required to
establish the pathogenesis.
Conclusions
We have presented herein a patient who, during implant
removal, was assumed to have solid fusions but nonetheless
developed coronal and sagittal worsening that eventually
required reinstrumentation. Though there is no definitive
method for detecting pseudarthrosis before removal
surgery, we need to evaluate the quality of spinal fusion
using CT scans or bone scintigraphy. Intraoperatively,
we should check spinal fusion and perform re-fusion with
iliac graft or bone substitutes. We feel that postoperative
brace immobilization may also be necessary. In such cases,
we need to carefully explain to patients that removal of
their implants entails a risk of progressive deformity
and that they need to follow-up with their physician
after implant removal.
Consent
Written informed consent was obtained from the parents
of the patient for publication of this case report and any
accompanying images. A copy of the written consent is
available for review from the Editor-in-Chief of this
journal.
Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
TK performed surgeries, conceived the study and drafted the manuscript; SM
performed surgeries, and performed critical revision of the manuscript and
gave final approval of the version to be published; TA and TS performed
surgeries, and collected and reviewed clinical and radiographic charts. All
authors read and approved the final manuscript.

Author details
1Department of Orthopedic Surgery, Seirei Sakura Citizen Hospital, 2-36-2
Ebaradai Sakura-shi, Chiba 285-8765, Japan. 2Department of Orthopedic
Surgery, The Medical City, Ortigas Avenue, Pasig City, Metro Manila 1605,
Philippines.

Received: 5 January 2013 Accepted: 18 August 2013
Published: 3 September 2013

References
1. Richards BS, Emara KM: Delayed infections after posterior TSRH spinal

instrumentation for idiopathic scoliosis: revisited. Spine 2001,
26:1990–1996.

2. Richards BS: Delayed infections following posterior spinal
instrumentation for the treatment of idiopathic scoliosis. J Bone Joint
Surg Am 1995, 77:524–529.

3. Asher M, Lai SM, Burton D, Manna B, Cooper A: Safety and efficacy of Isola
instrumentation and arthrodesis for adolescent idiopathic scoliosis:
two- to 12-year followup. Spine 2004, 29:2013–2023.

4. Akazawa T, Minami S, Takahashi K, Kotani T, Hanawa T, Moriya H: Corrosion
of spinal implants retrieved from patients with scoliosis. J Orthop Sci
2005, 10:200–205.

5. Rathjen K, Wood M, McClung A, Vest Z: Clinical and radiographic results
after implant removal in idiopathic scoliosis. Spine 2007, 32:2184–2188.

6. Potter BK, Kirk KL, Shah SA, Kuklo TR: Loss of coronal correction following
instrumentation removal in adolescent idiopathic scoliosis. Spine 2006,
31:67–72.

7. Helenius I, Remes V, Yrjonen T, Ylikoski M, Schlenzka D, Helenius M, et al:
Comparison of long-term functional and radiologic outcomes after
Harrington instrumentation and spondylodesis in adolescent idiopathic
scoliosis: a review of 78 patients. Spine 2002, 27:176–180.

8. Muschik M, Luck W, Schlenzka D: Implant removal for late-developing
infection after instrumented posterior spinal fusion for scoliosis:
reinstrumentation reduces loss of correction. A retrospective analysis of
45 cases. Eur Spine J 2004, 13:645–651.

9. Deckey JE, Court C, Bradford DS: Loss of sagittal plane correction after
removal of spinal implants. Spine 2000, 25:2453–2460.

10. Larsen JM, Rimoldi RL, Capen DA, Nelson RW, Nagelberg S, Thomas JC Jr:
Assessment of pseudarthrosis in pedicle screw fusion: a prospective
study comparing plain radiographs, flexion/extension radiographs, CT
scanning, and bone scintigraphy with operative findings. J Spinal Disord
1996, 9:117–120.

doi:10.1186/1748-7161-8-15
Cite this article as: Kotani et al.: Reinstrumentation for rapid curve
progression after implant removal following posterior instrumented
fusion in adolescent idiopathic scoliosis: a case report. Scoliosis
2013 8:15.


	Outline placeholder
	Background context
	Purpose
	Study design
	Methods
	Results
	Conclusions

	Background
	Case presentation
	History and physical examination
	Surgery

	Discussion
	Conclusions
	Consent
	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


