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ABSTRACT

Objective: We investigated the effectiveness of transcu-
taneous electrical nerve stimulation (TENS) therapy on
pain during the first 24 hours after a cardiac surgical
procedure.

Methods: A total of 60 patients who had undergone
median sternotomy (MS) for coronary artery bypass graft
(n = 55) or valve repair surgery (n = 5) were randomized to
receive TENS and pharmacologic analgesia, placebo TENS
and pharmacologic analgesia, or pharmacologic analgesia
alone (control group). For each group we recorded severity of
pain, analgesic intake, and pulmonary complications.
Pethidine HCL and metamizol sodium were administered for
postsurgical analgesia.

Results: Pain after MS was measured on a 10-point
visual analogue scale (VAS). Mean scores in the TENS,
placebo TENS, and control groups, respectively, were
5.70 £ 1.78, 5.75 £ 1.83, and 5.95 % 1.63 before treatment
(P> .05); 2.40 + 1.18, 3.90 + 1.48, and 3.55 + 1.60 on the
12th hour of the intervention (P < .05); and 1.25 + 0.91,
2.30 + 1.34, and 2.15 + 1.13 on the 24th hour of the inter-
vention (P < .05). The mean VAS scores decreased within
each group (P < .05). However, the mean VAS scores decreased
much more significantly in the TENS group (P < .05).
Metamizol sodium intake was 1.05 £ 0.39 g, 2.30 £ 1.08 g, and
2.90 £ 1.20 g and pethidine HCL intake was 17 £ 16.25 mg,
57 £ 21.54 mg, and 51.50 + 18.99 mg, respectively, in the
TENS, placebo TENS, and control groups. Metamizol
sodium and pethidine HCL intake was least in the TENS
group (P < .05). Postoperative complications were observed in
6 (10%) of patients. The most frequent complication was
atelectasia.

Conclusions: TENS was more effective than placebo
TENS or control treatments in decreasing pain and
limiting opioid and nonopioid medication intake during the

first 24-hour period following MS.
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INTRODUCTION

Patients who have undergone median sternotomy (MS)
report considerable early postoperative chest pain [Donald
1976; Fitzpatrick 1988]. Pain may inhibit effective coughing
and deep breathing, and restrict early postoperative mobiliza-
tion [Chulay 1982; Jansen 1986]. Pulmonary exercises are
important in decreasing pulmonary complications after
open-heart surgery, so pain that limits pulmonary exercises
should be decreased. Otherwise lung ventilation and indepen-
dence in self-care may not be optimal, and there may be an
increased risk of lung infection [Jenkins 1989].

Opioid medication use in MS patients has been described
in the literature [Forster 1994]. Determining the minimum
effective analgesic concentration is a difficult task, however.
Although opioid medications relieve pain, they may also lead to
cough suppression, drowsiness, nausea, and vomiting and limit
effective expectoration. Sedation, urinary retention, and consti-
pation are also well-known side effects of opioids [Solak 2007].
For these reasons, adjunctive means of pain control that may
help limit opioid medication intake and reduce opiate side
effects are of considerable interest [Solak 2007].

The aim of the present study was to examine the efficacy
of transcutaneous electric nerve stimulation (TENS) in
relieving pain during the first 24-hour period following MS.

METHODS

The study included 60 patients who had undergone MS
for coronary artery bypass graft (CABG) or valve repair
surgery. We used a table of random numbers to randomize
patients to receive TENS and pharmacologic analgesia,
placebo TENS and pharmacologic analgesia, or pharmaco-
logic analgesia alone (control group) to relieve postoperative
pain during the first 24 hours following MS. A Biomed Plus
(BioMedical Life Systems, Vista, CA, USA) TENS unit was
used. The TENS unit provided an asymmetric square
biphasic waveform at a frequency of 100 pulses/s and a pulse
width of 200 microseconds. The placebo TENS unit was
identical to the treatment unit but did not provide current.
Two sterile electrodes (first unit channel) were placed on one
side of the incision and 2 other electrodes (second unit
channel) on the other side. The electrodes (5 x 5 cm) were
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positioned 1 cm away from the suture line. The patients in the
TENS group adjusted the stimulus intensity until a strong but
comfortable tingling sensation was felt, whereas the patients
in the placebo TENS group were told that the electrical
stimulation produced no sensation. Approximately 1 hour after
extubation, electrical stimulation or placebo stimulation was
instituted for 1 hour in patients who received no analgesics.
A 1-hour rest interval followed to prevent accommodation of
nerve fibers. Then 1-hour stimulation or placebo stimulation
was performed again.

Patients could request further analgesia if necessary during
the first 24 hours after surgery, and the drugs were adminis-
tered at each request (pethidine HCL 0.2 mg/kg intravenously
and metamizol sodium, 1 g intravenously). Pethidine HCL was
administered to patients whose pain could not be controlled
with metamizol sodium.

The intensity of pain was assessed by means of a visual
analogue scale (VAS) of scores ranging from 0 (no pain) to
10 (unbearable pain) before treatment (VASO) and on the
12th hour (VAS12) and 24th hour of treatment (VAS24)
[Chapman 2001].

During the first 24 hours after MS we recorded patients’
intensity of pain, analgesic intake, pulse rate/min, arterial
tension, body temperature, and pulmonary complications.

We performed statistical calculations with SPSS 11.5
(SPSS, Chicago, IL, USA). We used the Kruskal-Wallis test
for intergroup analysis and the paired sample test was used
for intragroup evaluations of therapeutic effectiveness.
We used the x* test to evaluate postoperative complications.
P values less than .05 were considered significant.

RESULTS

Patient demographic data are presented in Table 1. In the
TENS, placebo TENS, and control groups, respectively,
the mean VASO scores were 5.70 £ 1.78, 5.75 + 1.83, and
5.95 £ 1.63 (P> .05); the mean VAS12 scores were 2.40 + 1.18,
3.90 £ 1.48, and 3.55 *+ 1.60; and the mean VAS24 scores
were 1.25 £ 0.91, 2.30 £ 1.34, and 2.15 £ 1.13 (Figure 1).
The mean VAS scores decreased within each group. However,
the mean VAS12 and VAS24 scores decreased much more
significantly in the TENS group than in the placebo TENS
and control groups (P < .05).

The mean metamizol sodium doses administered during the
24-hour postoperative period were 1.05 £0.39 g, 2.30 £ 1.08 g,
and 2.90 £ 1.20 g in the TENS, placebo TENS, and control
groups, respectively (P < .05) (Figure 2). The mean pethidine
HCL doses during the 24-hour postoperative period were
17 £16.25 mg, 57 £ 21.54 mg, and 51.50 £ 18.99 mg in
the TENS, placebo TENS, and control groups, respectively
(P < .05) (Figure 3). Metamizol sodium and pethidine HCL
intake was lowest in the TENS group (P < .05).

No significant changes were observed in systolic tension,
diastolic tension, or pulse rate (Table 2).

Postoperative complication (atelectesia) was observed in
a total of 6 patients (10%); 1 (5%) in the TENS group,
1 (5%) in the placebo TENS group, and 4 (20%) in the
control group (Table 1). Airway clearing was performed by
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Table 1. Patient Data*

TENS Placebo TENS Control
Variable (n=20) (n=20) (n=20) P
Age, y 59.3 £10.0 63.9 8.9 61.2 £10.1 >.05

Sex (F/M) 4/16 6/ 14 8/12 >.05

Weight, kg 74.8 £13.9 75.7+£14.3 73.4+13.4 >.05
Systemic
diseases
Diabetes 3 (15%) 4 (20%) 4 (20%)
mellitus
Hypertension 1(5%) 3 (15%) 2 (10%) >.05
Type of
surgery
CABG 20 (100%) 0 18 (90%)
Valve repair 2 (10%) 17 (85%) 3 (15%) >.05
Extubation 8.5+3.2 8.0+3.7 8.5+2.5 >.05
time, h
Detubation 24+12.3 22.5£13.9 25.4+3.6 >.05
time, h
Complications 1(5%) 1(5%) 4 (20%) >.05

*Data are expressed as n, n (%), or mean = SD. TENS indicates transcuta-
neous electrical nerve stimulation; CABG, coronary artery bypass graft.

bronchoscopy in patients with atelectasia because excess
pulmonary secretion was observed.

DISCUSSION

TENS can be used for pain relief after median sternotomy
[Richardson 1994]. TENS is applied to appropriate
dermatomes connected to the posterolateral incision area and
delivers a low-voltage current that stimulates large myelinated
A nerve fibers. The proposed mechanism of action is the
modulation of the nociceptive input (via small unmyelinated
C fibers) in the dorsal horn of the spinal cord by peripheral
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Figure 1. Mean visual analogue scale (VAS) scores at the 24th hour of

postsurgical pain treatment. TENS indicates transcutaneous electrical
nerve stimulation.
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Figure 2. Mean metamizol sodium doses. TENS indicates transcutaneous
electrical nerve stimulation.
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stimulation of the larger sensory afferent A nerve fibers.
Alternatively, afferent peripheral nerve stimulation may cause
the release of endogenous opioids and nonopioid substances
that have an analgesic effect [Brown 1998].

TENS has been reported to be an effective adjunct to
traditional pain medications in patients after cardiac surgery
[Klin 1984; Navarathnam 1984; Bayindir 1991]. In a descrip-
tive study, Klin et al [1984] used TENS as an adjunct to opioids
on days 3 and 4 after cardiac surgery. Pain levels, medication
amounts, and statistical analyses were not reported, however.
Navarathnam et al [1984] used TENS for 72 hours after
CABG, valve repair, and other cardiac procedures. Their study
included treatment and placebo groups, and the investigators
recorded medications and pulmonary function test results daily.
Bayindir et al [1991] used TENS for 180 minutes, starting at
4 £ 1.5 hours after surgery in patients who underwent cardiac
valve repair or CABG that did not use the internal thoracic
artery. Their study also included treatment and placebo groups.
Both Navarathnam et al [1984] and Bayindir et al [1991] used
TENS as the initial therapy for postoperative pain, with pain
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Figure 3. Mean pethidine HCL doses. TENS indicates transcutaneous
electrical nerve stimulation.
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Table 2. Mean Pulse and Arterial Tension Measurements*

TENS Placebo TENS Control
Variable (n=20) (n=120) (n=120) P
Pulse rate/min 89.95£11.70 9210 11.57 88.30x13.69  >.05

Arterial tension,

mm Hg
Systolic 115.40 £ 16.50 62.30£7.85  118.80 + 16.35
Diastolic 6705+ 11.55 19.55+16.47 63.45+10.50 >.05

*Data are expressed as mean £ SD. TENS indicates transcutaneous
electrical nerve stimulation.

medication provided if TENS was ineffective. Forster et al
[1994] reported that TENS was no more effective than placebo
TENS or control treatments in decreasing pain at rest and
with cough, limiting opioid medication intake, or preventing
decreases in forced vital capacity, forced expiratory volume in
1 second, and peak expiratory flow rate. As a result, high-
frequency, continuous TENS did not appear advantageous as a
means of controlling pain or improving pulmonary function
during the 24- to 72-hour period following CABG involving
the internal thoracic artery.

Contrary to the study by Forster et al [1994], our prospective,
randomized placebo-controlled study demonstrated that
TENS provided more analgesic effect than placebo TENS
and control group pain treatments during the 24-hour period
following MS, and patients who received TENS had
decreased intakes of opioids and other analgesics.

Opioid medication use in MS patients has been described
in the literature [Forster 1994; Solak 2007]. Determining the
minimum effective analgesic concentration is a difficult task,
however. Although opioid medications relieve pain, they may
also lead to cough suppression, drowsiness, nausea, and
vomiting and limit effective expectoration. Sedation, urinary
retention, and constipation are also well-known side effects of
opioids [Forster 1994; Hamza 1999; Solak 2007]. Another
alternative to opiods are nonsteroidal antiinflammatory drugs
(NSAIDs), but these do not provide an analgesic effect
comparable to that of opioids [Dahl 1991]. Nevertheless,
NSAIDs were shown to reduce morphine requirements by up
to 60% [Dellemijin 1999]. However, their side effects
include platelet dysfunction and gastric mucosal ulceration
[Richardson 1994]. Epidural analgesia has been successfully
used for MS pain. Adverse side effects include hypotension
and motor neuron blockade, however, and the treatment neces-
sitates multiple injections [Richardson 1995]. In addition,
because these patients are heparinized, the risk of bleeding and
hematoma during epidural anesthesia is increased.

Our study results showed that TENS provided significant
pain relief in patients who underwent MS, and TENS
decreased opioid and nonopioid analgesic intake by up to
3 times. It is plausible to surmise that TENS could be a viable
alternative to pharmacologic analgesics for the treatment of
MS patients. TENS was more effective than placebo TENS
or control treatments in decreasing pain and limiting opioid
and nonopioid medications intake during the 24-hour
postoperative period following MS.



Control of Acute Postoperative Pain by Transcutaneous Electrical Nerve Stimulation after Open Cardiac Operations—Emmiler et al

REFERENCES

Bayindir O, Paker T, Akpinar B, Erenturk S, Askin D, Aytac A. 1991. Use of
transcutaneous electrical nerve stimulation in the control of postoperative
chest pain after cardiac surgery. ] Cardiothorac Vasc Anesth 5(6):589-91.

Brown DV, Lubenow TR. 1998. Management of post-thoracotomy pain.
1998. In: Franco KL, Putnam JB, editors. Advanced therapy in thoracic
surgery. Hamilton: B.C. Decker. p. 13-23.

Chapman CR, Syrjala KL.. 2001. Measurement of pain. In: Loesser JD,
editor. Bonica’s management of pain. 3th ed. Philadelphia: Lippincott
Williams & Wilkins. p. 310-8.

Chulay M, Brown ], Summer W. 1982. Effect of postoperative
immobilization after coronary artery bypass surgery. Crit Care Med
103):176-9.

Dahl JB, Kehlet H. 1991. Non-steroidal anti-inflammatory drugs:
rationale for use in severe postoperative pain. Br ] Anaesth 66:703-12.

Dellemijin P. 1999. Are opioids effective in relieving neuropathic pain?
Pain 80:453-62.

Donald I. 1976. At the receiving end: a doctor’s personal recollections of
second-time cardiac valve replacement. Scott Med J 21(2):49-57.

Fitzpatrick GJ, Moriarty DC. 1988. Intrathecal morphine in the
management of pain following cardiac surgery: a comparison with
morphine i.v. Br ] Anaesth 60(6):639-44.

Forster EL, Kramer JE, Lucy SD, Scudds RA, Novick R]. 1994. Effect of
TENS on pain, medications, and pulmonary function following coronary
artery bypass graft surgery. Chest 106(5):1343-8.

© 2008 Forum Multimedia Publishing, LLC

Hamza AM, White PF, Ahmed HE, Ghoname EA. 1999. Effect of
the frequency of transcutaneous electrical nerve stimulation on the
postoperative opioid analgesic requirement and recovery profile.

Anesthesiology 91(5):1232-38.

Jansen KJ, McFadden PM. 1986. Postoperative nursing management in
patients undergoing myocardial revascularization with the internal
mammary artery bypass. Heart Lung 15(1):48-54.

Jenkins SC, Soutar SA, Forsyth A, Keates JR, Moxham J. 1989. Lung
function after coronary artery surgery using the internal mammary artery
and the saphenous vein. Thorax 44(3):209-11.

Klin B, Uretzky G, Magora F. 1984. Transcutaneous electrical nerve
stimulation (TENS) after open heart surgery. J Cardiovasc Surg (Torino)
25(5):445-8.

Navarathnam RG, Wang 1Y, Thomas D, Klineberg PL. 1984.
Evaluation of the transcutaneous electrical nerve stimulator for
postoperative analgesia following cardiac surgery. Anaesth Intensive
Care 12(4):345-50.

Richardson J, Sabanathan S, Mearns AJ, Sides C, Goulden CP. 1994.
Post-thoracotomy neuralgia. Pain Clinic 7:87-97.

Richardson J, Sabanathan S, Mearns AJ, Shah RD, Goulden C. 1995.
A prospective, randomized comparison of interpleural and paravertebral
analgesia in thoracic surgery. Br ] Anaesth 7:12-8.

Solak O, Turna A, Pekcolaklar A, Metin M, Sayar A, Solak O. 2007.
Transcutaneous electric nerve stimulation for the treatment of postthora-
cotomy pain: a randomized prospective study. Thorac Cardiovasc Surg
55(3):182-5.

E303




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


