ORIGINAL ARTICLE

ACTA RADIOLOGICA

Is magnetic resonance imaging safe for patients with retained metal fragments

from combat and terrorist attacks?
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Background: Increasing numbers of military confrontations and terrorist attacks have led to
increasing reports of retained metal fragments among patients referred for magnetic resonance
imaging (MRI). The potential hazard of retained metal fragments for patients undergoing MRI
has been studied among patients with retained metal fragments from domestic violence but not
from combat and terrorist attacks.

Purpose: To retrospectively evaluate the safety of MRI in patients with subcutaneous war-
fare-metal fragments.

Material and Methods: 10,322 consecutive metal screening forms of patients scheduled for
1.5 Tesla (T) MR examination were retrospectively reviewed. All patients reported to have
retained metal fragments were contacted by telephone and asked to describe the event in
which they were exposed to the fragments and for any adverse sequelae or sensations during
and after MRI. Their radiographs were evaluated for the number and size of the fragments.
The data were analyzed for correlations between these factors.

Results: Seven of the 24 patients who reported retained metal fragments were excluded, since
there was no validating evidence of their presence. Fragments in the remaining 17 patients (18
MRI examinations) were inflicted by military or terrorist attacks that occurred 2—39 years prior
to the MRI. The fragment size ranged between 1 and 10 mm. One patient reported a superficial
migration of a 10-mm fragment after MRI. No other adverse reactions were reported.
Conclusion: Conducting 1.5T MRI examinations is safe in patients with retained metal frag-
ments from combat and terrorist attacks not in the vicinity of vital organs. However, caution
is advised.
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Blast and fragment injuries of the musculoskeletal
system are the most frequently encountered wounds in
modern warfare (1). Most injuries to the musculoskel-
etal system involve so-called secondary blast injuries in
which casing fragments and other debris become flying
projectiles. Although blast and fragment injuries have
traditionally been the purview of military surgeons,
they are being seen more frequently among noncomba-
tants because of increasing domestic terrorism.

With relatively high numbers of armed military con-
frontations and terrorist attacks, retained metals and
bullet fragments and shrapnel (fragments from bombs
and artillery shells) are not infrequently reported by
Israelis who are about to undergo magnetic resonance

informa

healthcare

imaging (MRI). There are innumerable types of bullets,
pellets, and shrapnel fragments from various sources.
Some are powerfully ferromagnetic, with potential
hazard to neighboring vital organs (2, 3) and some are
not (4). It was recommended by the American College of
Radiology White Paper on MR Safety that the risk versus
benefit of performing an MR procedure in a patient with
retained metal fragments should be carefully considered
(5). This recommendation was mainly based on experi-
ence with retained metal fragments, bullets, and shrapnel
that resulted from domestic violence (3-9).

The purpose of our retrospective study was to eval-
uate a sequential series of patients with retained metal
fragments resulting from combat and domestic terrorist
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events, in order to determine the safety and potential
hazards of such subcutaneous metal fragments among
patients undergoing MRI.

Material and Methods

All patients are required by our institutional policy to
fill in and sign a safety screening questionnaire before
entering the MRI suite. If a retained metal fragment(s)
is reported, the patient is asked to supply an radiograph
or any other imaging modality that can verify the loca-
tion of the fragment. In a scenario of known fragments
but with uncertain fragment position, further imaging
is requested before MRI can be performed. Patients
with metal fragments within or near vital viscera and
other important structures, such as blood vessels, are
precluded from undergoing MRI in our institution and
their forms are not saved in the database. When pos-
sible, the imaging data are copied into the institution’s
picture archiving and communication system (PACS).

The MR screening forms of all patients who underwent
MRI during 2006 were retrospectively screened, and the
data on those who reported retained metal fragments post-
combat or post-terrorist attack in their form were recorded.
A structured telephone interview with these patients was
then conducted. The interview consisted of five questions
and was performed by one investigator. The patients were
asked about the date (question 1) and the event (question
2) that produced the metal fragments, and the sensation
and any possible adverse reactions they may have felt at
three time points: during the MRI examination (question
3), immediately after the MRI examination (question 4),
and in the period of time between the examination and the
telephone interview (question 5).

The MRI studies of these patients, as well as available
radiographs of the part of the body with retained metal
fragments were further evaluated for the amount, size, and
location of the metal fragments. The data were analyzed
for correlation between sensation during and after the
MRI examination and metal size, the interval between the
injury and undergoing an MRI, as well as MR sequences
and duration and type of MRI examination.

Permission to contact the selected patients by tele-
phone and retrospectively review their radiological files
was obtained from our institutional ethics committee.

Results

A total of 10,322 consecutive MRI screening forms were
reviewed. Twenty-four patients who underwent 26 MRI
studies reported retained metal fragments. There were
21 males and three females, with a mean age of 51 years
(range 21-68 years). All 24 subjects were interviewed by

phone 4-14 months (average 8 months) after the MRI
examination. Seven patients who reported that they had
misunderstood the questions on the screening question-
naire and denied having any retained metal fragments
were excluded from the study. The 18 MRI examinations
of'the remaining 17 patients included nine examinations of
the extremities and pelvis, three abdominal, five cardiac,
and one spinal. Radiographs demonstrating the location
of metal fragments in 12 patients were available in the
PACS. Documentation in the form of hard-copy radio-
graphs was supplied by the other five study participants.

All patients were examined by a 1.5 Tesla (T) MRI
system (Signa, GE Excite2, Version 11; GE Health-
care, Milwaukee, Wisc., USA). Scanning included
spin-echo (SE), fast SE (FSE), and gradient echo
(GRE) sequences for the musculoskeletal examina-
tions, FSE and GRE for abdominal examinations, and
GRE sequences for cardiac examinations.

Fragments in all patients were inflicted by combat
wounds or domestic terrorist attacks that had occurred
between 2 and 39 years prior to the index MRI (average
24 years). All patients reported having superficial frag-
ments, and none reported being aware of any fragment
in proximity to vessels or vital organs that would con-
traindicate an MRI.

Twelve patients had retained fragments in the subcu-
taneous soft tissue of the pelvis and lower extremities,
and the remaining five patients reported fragments in
the upper extremities (Fig. 1) and torso (Table 1). Most
patients had numerous minute fragments, and only two
reported a solitary fragment. In one patient (patient 8)
with retained fragments in one extremity, the body part
was also examined by MRI. As seen on radiographs,
the largest fragment measured 10 mm and the smallest
was smaller than 1 mm (Fig. 2).

The duration of the MRI examinations was between
25 and 90 min (average 50 min). None of the patients
reported any particular physical sensation, such as
heating, burning, or itching, during the MRI examina-
tion. One patient reported a superficial migration of a
fragment approximately 1 cm in size and located in the
gluteus muscle after undergoing an MRI of the knee.
He reported having noticed the migration only after
leaving the MRI suite, but did not seek medical atten-
tion since he was aware from personal experience that
such superficial fragments had a tendency to migrate.
None of the other patients reported any adverse reac-
tions following their MRI examination.

Discussion

Retained metallic foreign bodies, such as shrapnel and
bullet fragments, are potentially harmful during MRI
(10, 11). Safety recommendations for MRI in patients
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Fig. 1. An upper-extremity radiograph shows multiple small subcuta-
neous metal fragments in a 21-year-old victim of a terrorist attack 5
years prior to the MRI. No adverse sensation was reported during or
after the MRI examination of the ankle.

with retained metal fragments are mainly based on
studies on patients with fragments resulting from
mostly domestic and criminal violence (3-9). In our
series, only one out of 17 (5.9%) patients with known
metal fragments afflicted during combat or terrorist

Table 1. Locations of fragments

Organ with
Organ subcutaneous metal ~ No. of  Fragment

Patientno.  examined fragment fragments  size, mm

1 Knee Pelvis >10 2-5

2 Knee Pelvis >10 1-10

3 Knee Thigh 2-10 <1

4 Pelvis Arm 1 2-5

5 Ankle Arm >10 1-10

6 Ankle Thigh 1 <l

7 Ankle Arm 2-10 1-10

7 Ankle Arm 2-10 1-10

8 Thigh Thigh 2-10 1-10

9 Spine Thigh >10 5-10
10 Abdomen Femur >10 2-5
11 Abdomen Torso 2-10 2-5
12 Abdomen Pelvis >10 >10
13 Heart Pelvis >10 2-5
14 Heart Thigh 2-10 2-5
15 Heart Pelvis 2-10 <1
16 Heart Arm 2-10 1-10
17 Heart Pelvis >10 2-5

Acta Radiol 2010 (2)

Fig. 2. A. Multiple metal fragments in the calf as well as bone deforma-
tion are evident on the lateral radiographs of a 56-year-old male with a
combat injury sustained 30 years earlier. B. T1-weighted sagittal MRI of
the same area with an artifact resulting from the fragments. No adverse
sensation was reported during or after the exam.

attacks who underwent MRI reported an adverse reac-
tion. This fragment that was reported to have moved
was inflicted in combat more than 10 years prior to the
MR examination.

TEITELBAUM et al. (4) evaluated the magnetic deflec-
tion in 21 metallic specimens, and concluded that
migration of bullets and bullet fragments caused by
interaction of a metal fragment with the static mag-
netic field of an MR system (10, 11) poses only a small
risk, which depended on the fragment shape and ori-
entation. However, fragments from exploding muni-
tions are smaller and irregularly shaped compared to
bullets from small arms (12), and the ferromagnetism
of bullets and shrapnel varies significantly. Therefore,
TeITELBAUM et al.’s conclusion would not necessarily
be relevant to patients whose bodies retain shrapnel
due to combat or terrorist attacks. Noteworthy, despite
the fact that more than 10 years had passed since its
impregnation, the surrounding granulation tissue of the
fragment in one of our patients was not firm enough to
prevent the fragment’s motion.

Interaction of metallic fragments with radiofrequency
(RF) electromagnetic fields and gradient magnetic fields
can result in heating of the retained fragment and its sur-
rounding tissue. No heating sensation was reported by
our subjects, in agreement with the findings of FiniTsis
et al. who studied 19 patients with retained metallic
bullets in various positions in potentially harmful sites in
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the spine (7). Reports of MRI-related burns are mostly
concerned with implants, wires, and coils attached to the
body (2, 6, 13). Our lack of evidence of heating during
MR examinations does not rule out the possibility that it
might occur. The largest retained fragment in our group
measured 1 cm; larger fragments might cause heating.
As the field strength of the MR systems increases, the
RF power increases along with the specific absorption
rate (SAR) of energy deposition in the body, but the
actual SAR is not significantly different in practice due
to safety regulations (10). There are no reports on the
interaction of a stronger magnet (e.g., 3T) with retained
ferromagnetic fragments.

Imaging sequences that utilize multiple 180° RF
pulses (e.g., turbo spin echo, fast spin echo, etc.) are
of greater concern than those with one 180° RF pulse
(conventional spin echo), or none (gradient echo). The
180° RF pulses may produce high levels of RF energy
deposition in the body, resulting in an increased absorp-
tion rate (10) and an increased potential for heating.
However, even cardiac MR sequences that include
such heavily multiple RF pulses did not cause heating
of the fragments among our study patients.

The safety concern for gradient magnetic fields is
related to the size and frequency of the time-varying
fields, which become stronger moving away from the
isocenter in all directions toward the periphery of the
bore (10). Thus, heating a metal fragment and the sur-
rounding soft tissues with gradient magnetic fields is
potentially possible even when this part is not directly
imaged.

Our study was not designed to detect patients with
unknown and unreported metal fragments incidentally
discovered on MRI. Few studies have reported the inci-
dental findings of tiny metal fragments during MRI
examinations (14), and there are no publications on the
prevalence of such incidental MRI findings. We have no
specific information on the metal composition of the soft-
tissue fragments in our cohort. Many unique metal mix-
tures are found on today’s battlefield, both in newly devel-
oped munitions as well as in improvised explosive devices
such as the ones used in most terrorist attacks. These can
include different types of metal mixtures, such as tungsten,
nickel, and cobalt, with different amounts of stainless steel
and iron and, in some cases, depleted uranium (12, 15,
16). In terrorist attacks, metal fragments could be caused
not by the explosive device itself but also by the metals of
the exploding vehicle in the case of a car bomb.

The retrospective design of our study is a major
limitation, and it is possible that we missed some
patients who had metal fragments but did not report
them in the screening form. Also, because no follow-
up MRI was performed after the initial MRI, subclin-
ical damage to the surrounding tissue of the fragments

cannot be excluded. In addition, the only adverse
reaction reported in our series is based on self-obser-
vation of one of the patients, with no confirmation by
a medical staff member.

Our institution does not keep track of patients for
whom MRI was contraindicated due to potentially
harmful metal fragments, and their responses to
the questionnaires are not archived. A study on the
frequency of referral of patients with a variety of safe-
ty-related contraindications to MRI was recently pub-
lished, but it did not mention the prevalence of the ones
whose retaining of metal fragments precluded their
undergoing MRI studies (17).

In conclusion, our preliminary experience shows
that conducting MRI examinations in patients with
retained metal fragments resulting from combat and
terrorist attacks is feasible after taking special cau-
tion, as well as taking into account a number of fac-
tors, such as the proximity of metal fragments to vital
organs, fragment size, MRI strength, and other tech-
nical safeguards.

References

1. London PS. Medical lessons from the Falkland Islands’
Campaign. Report of a meeting of the United Services Sec-
tion of the Royal Society of Medicine held at the Royal Col-
lege of Surgeons on February 17 and 18, 1983. J Bone Joint
Surg Br 1983;65:507-10.

2. Boutin RD, Briggs JE, Williamson MR. Injuries associated
with MR imaging: survey of safety records and methods
used to screen patients for metallic foreign bodies before
imaging. Am J Roentgenol 1994;162:189-94.

3. Williamson MR, Espinosa MC, Boutin RD, Orrison WW
Jr, Hart BL, Kelsey CA. Metallic foreign bodies in the
orbits of patients undergoing MR imaging: prevalence and
value of radiography and CT before MR. Am J Roentgenol
1994;162:981-3.

4. Teitelbaum GP, Yee CA, Van Horn DD, Kim HS, Colletti
PM. Metallic ballistic fragments: MR imaging safety and
artifacts. Radiology 1990;175:855-9.

5. Kanal E, Borgstede JP, Barkovich AJ, Bell C, Bradley WG,
Etheridge S, et al. American College of Radiology White
Paper on MR Safety: 2004 update and revisions. Am J
Roentgenol 2004;182:1111-4.

6. Dupuy DE, Hartnell GG, Lipsky M. MR imaging of a
patient with a ferromagnetic foreign body. Am J Roent-
genol 1993;160:893.

7. Finitsis SN, Falcone S, Green BA. MR of the spine in the
presence of metallic bullet fragments: is the benefit worth
the risk? Am J Neuroradiol 1999;20:354-6.

8. Kanal E, Borgstede JP, Barkovich AJ, Bell C, Bradley
WG, Felmlee JP, et al. ACR Blue Ribbon Panel response to
the AJR commentary by Shellock and Crues on the
ACR White Paper on MR Safety. Am J Roentgenol
2003;180:31-5.

9. Smugar SS, Schweitzer ME, Hume E. MRI in patients
with intraspinal bullets. J Magn Reson Imaging 1999;
9:151-3.

Acta Radiol 2010 (2)



174 I Eshed et al.

10.

11.

12.

13.

14.

Sawyer-Glover AM, Shellock FG. Pre-MRI procedure
screening: recommendations and safety considerations for
biomedical implants and devices. J] Magn Reson Imaging
2000;12:92—-106.

Shellock FG, Crues JV. High-field-strength MR imaging
and metallic biomedical implants: an ex vivo evaluation of
deflection forces. Am J Roentgenol 1988;151:389-92.
Covey DC. Blast and fragment injuries of the musculoskel-
etal system. J Bone Joint Surg Am 2002;84-A:1221-34.
Kanal E, Shellock FG. Burns associated with clinical MR
examinations. Radiology 1990;175:585.

Zhang Y, Cheng J, Bai J, Ren C, Zhang Y, Gao X, et al.
Tiny ferromagnetic intraocular foreign bodies detected by

Acta Radiol 2010 (2)

15.

16.

17.

magnetic resonance imaging: a report of two cases. J Magn
Reson Imaging 2009;29:704—7.

Kane MA, Kasper CE, Kalinich JF. Protocol for the assess-
ment of potential health effects from embedded metal frag-
ments. Mil Med 2009;174:265-9.

Miller AC, Xu J, Stewart M, Prasanna PG, Page N. Poten-
tial late health effects of depleted uranium and tungsten
used in armor-piercing munitions: comparison of neoplastic
transformation and genotoxicity with the known carcinogen
nickel. Mil Med 2002;167:120-2.

Dewey M, Schink T, Dewey CF. Frequency of referral of
patients with safety-related contraindications to magnetic
resonance imaging. Eur J Radiol 2007;63:124-7.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [612.000 792.000]
>> setpagedevice


