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Abstract

Introduction: Pulmonary regurgitation (PR) is a major concern after right ventricular (RV) outflow tract surgery. We assessed the
impact of physiological changes in pulmonary vasculature on hemodynamic severity of PR and RV function and their potential clinical
implications for postoperative management using a porcine model with severe PR. Materials and Methods: Eight porcine models of
acute PR were established by means of resection of pulmonary valve on cardiopulmonary bypass. After separation from bypass and
stabilization, blood flow in the main pulmonary artery was measured by a pulsed Doppler flowmeter, and RV systolic function was
assessed on the basis of RV segment shortening (RVSS), which was analyzed by sonomicrometry. In the acute PR model, we verified
the impact of pulmonary vascular resistance (Rp) on pulmonary regurgitant fraction (PRF) and RV function. Pulmonary vascular
resistance was changed by manipulating the level of PaCo, and by inhalation of nitric oxide (NO). Results: After bypass, the mean
PRF was 40% + 5%, and there was a deterioration of RV function. Under each ventilation condition (high Co,, low Co,, and NO
20 ppm), Rp was 836 + 207 dyne x s x cm >, 499 + 125 dyne x s x cm™ >, and 340 + 102 dyne x s X cm >, respectively, and
PRF was 60% + 10%, 37% + 5%, and 24% + 4%, respectively, under each condition. They also showed a positive correlation in all
animals. Cardiac output and RVSS were decreased by hypercapnia, while they were significantly improved after NO inhalation.
Conclusions: This study indicates that low Rp after right ventricular outflow tract reconstruction (RVOTR) resulting in acute PR
is advantageous in reducing the severity of PR and RV volume load. These findings may have clinical implications for early and long-
term postoperative management of patients subjected to RVOTR with resulting pulmonary valve incompetence.
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Many patients with congenital heart disease who underwent
right ventricular (RV) outflow tract reconstruction (RVOTR)

as children have grown to adulthood and started to suffer from .
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postoperative pulmonary regurgitation (PR) and RV dysfunc-
tion. Pulmonary regurgitation will be a major concern until
ideal RV outflow patches or conduits used for tetralogy of
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Abbreviations and Acronyms

(e(0) cardiac output

NO nitric oxide

PA pulmonary artery

PR pulmonary regurgitation

PRF pulmonary regurgitant fraction

Rp pulmonary vascular resistance

RV right ventricular

RVOTR right ventricular outflow tract reconstruction
RVSS right ventricular segmental shortening
TOF tetralogy of Fallot

Fallot (TOF) repair or Rastelli procedures are developed, and
PR still has a significant influence on the prognosis after sur-
gery."> Many surgeons have tried to reduce PR after RVOTR,
and our institution has also obtained acceptable mid-term
results for transannular patch repair in TOF,? but we have also
confirmed the functional limitations of monocusp patches in
the long term after surgery. The degree of postoperative dilata-
tion of the RV, as well as the severity of PR, is largely variable
after RVOTR with a transannular patch even in the same or
similar pathologies of pulmonary valves with abolished cusp
motion. At present, there are no definitive clinical or experi-
mental data on the impact of the physiological changes in pul-
monary vasculature and RV performance on the hemodynamic
severity of PR. In this study, we assessed the hemodynamic
changes associated with severe acute PR and measured the
relationships between pulmonary regurgitant fraction (PRF)
and other cardiovascular factors (pulmonary vascular resis-
tance [Rp] and RV function) using a porcine model of total
resection of the pulmonary valve cusps.

Materials and Methods

All animals received humane care in compliance with the
“Principles of Laboratory Animal Care” formulated by the
Institute of Laboratory Animal Resources and the “Guide for
the Care and Use of Laboratory Animals” prepared by the
Institute of Laboratory Animal Resources, National Research
Council and published by the National Academy Press (revised
1996).

Animal Preparation

Eight white Landrace-Duroc pigs (1 + 0.4 months, 14 + 2 kg)
were premedicated intramuscularly (ketamine 5 mg/kg and dia-
zepam 0.5 mg/kg) and anesthetized with inhaled sevoflurane
of 1.0% to 1.5% throughout the procedure. Support with a
volume-controlled ventilator (ACE-300; ACOMA, Tokyo,
Japan) was started after endotracheal intubation, and the mean
airway pressure was maintained at 10 cm H,O throughout the
experiment. Sterile surgical techniques were used in all ani-
mals. Arterial pressure monitoring and central venous access
were maintained via a small right branch of the external carotid
artery and axillary vein, and arterial blood gases were measured
to guide ventilator settings in order to maintain oxygen/carbon
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Figure |. Schema of heart preparation.

dioxide tension and pH values within the normal range. After a
median sternotomy, we set up a left atrium pressure monitoring
line and an apical solid-state pressure transducer-tipped cathe-
ter (MPC-500; Millar, Houston, Texas) to monitor RV and pul-
monary artery (PA) pressure. Right ventricular dimension was
measured with ultrasonic micro-transducer crystals. One pair
of these crystals was placed on the RV free wall at intervals
of 2 cm on a parallel line and 10 mm away from the atrio-
ventricular groove. We measured RV segmental shortening
(RVSS) with a SonoSOFT recording (Sonometrics, London,
Ontario, Canada) and blood flow volume and pattern of the
PA using a pulsed Doppler flowmeter (SCPD-10; Transonic
Scisense, London, Ontario, Canada). The flowmeter probe
consists of silicon rubber integrated with a soft cuff and mea-
surement leads fixed at the same angle (Figure 1). It is easy
to maintain a stable position, lead angle, and inner diameter
by suturing the cuff around the main PA.

Experimental Model

We established a porcine model with severe PR on a beating
heart using cardiopulmonary bypass support. After systemic
administration of heparin sodium (300 U/kg) and methylpred-
nisolone (30 mg/kg), extracorporeal circulation was achieved
using a 12F straight cannula through the right carotid artery and
a 24F right angle cannula placed into the right atrium. The
bypass circuit included a membrane oxygenator (Capiox
SX10; Terumo, Tokyo, Japan) and an extracorporeal pump
(Advanced Perfusion System 1, Terumo). Blood oxygen ten-
sion was maintained above 100 mm Hg, and bypass flow vol-
ume was maintained at around 80% of normal cardiac output
(1.5-2.0 L/min) with more than 70% mixed venous oxygen
saturation at normothermia. Hematocrit was kept over 20%
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Figure 2. Main pulmonary blood flow volume.

using low-volume Ringer solution priming with no blood.
Mean arterial pressure and central venous pressure were main-
tained at 50 to 70 mm Hg and 0 to 5 mm Hg with no medication
during bypass. At first, we made a small incision in the main
PA under suction venting and resected all pulmonary valve
cusps. After closure of the PA, we weaned the animals from
bypass immediately and kept them at rest for 60 minutes to
allow for hemodynamic stabilization. A Millar transducer-
tipped catheter was used for confirmation of the pressure wave
pattern of the PA and RV after valve resection, and the inter-
mittent pressure monitor in the main PA. The animal heart rates
were in the range of 80 to 110/min, and there was no significant
difference in each animal.

Measurements

Pulmonary blood flow. Using a pulsed Doppler flowmeter
attached to the main PA and LabScribe2: LS-20PVL analysis
software (iWorx Systems, Dover, New Hampshire), we mea-
sured pulmonary blood flow using the following formulas. In
addition, we also measured PRF from the antegrade and retro-
grade pulmonary blood flow volume (Figure 2).

(Afo x C)/(2 X f x cos a),
V x mxD*/2x1/10,

where Afy is Doppler shift (KHz), C is ultrasonic wave speed
(1500 m/s), f'is ultrasonic wave frequency, and D is vascular
diameter (mm), o is blood flow angle.

Flow speed : V'

flow volume : Q

RV systolic function. We analyzed RVSS using SonoSOFT under
constant preload (CVP = 5 mm Hg), and we assumed RV sys-
tolic function as RVSS.
RVSS = (RV end-diastolic wall length—RV end
-systolic wall length)/ RV end-diastolic wall length
x 100 (%).

CPB PaCO, PaCoO, NO

on off >70mmHg <20mmHg 20ppm

0l 1| T T O
X 60min 20min: 30min | 20min: 30min |20min

Measurement of PRF and other hemodynamic parameters
(and then resetting normal respiratory condition)

l Manipulation of respirator up to each target condition
(after recovery to a baseline in hemodynamic and blood gas)

¢ Pulmonary valve resection

Figure 3. Experimental protocol.

Cardiac output. Cardiac output (CO) = antegrade-retrograde
pulmonary flow volume (mL/min).

Pulmonary vascular resistance.
Rp = (mean pulmonary arterial pressure—left atrial pressure)

x 80 /cardiac output (dyne x s x cm™>).

Experimental Protocols

1. We measured hemodynamic parameters before and
after establishment of severe PR with total resection
of pulmonary valve cusps. The influence of the surgical
procedure was minimized by using a stabilization
period of 60 minutes after bypass.

2. In the steady state after establishing PR, we verified the
impact of Rp and RV function on PRF.

3. We changed the Rp by manipulating the level of PaCo,
(>70 mm Hg and <20 mm Hg) using a respirator and
inhalation of nitric oxide (No) of 20 ppm under normal
PaCo,. After 20 minutes under each condition, we
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Figure 4. Animal heart after pulmonary valvotomy.

measured PRF and other hemodynamics, and RVSS and
Rp were assessed at each measurement (Figure 3).

After the end of each experiment, cardiac specimens were
inspected to confirm the total resection of pulmonary valve
cusps (Figure 4) and the absence of patent ductus arteriosus and
patent foramen ovale that might have affected the measurements.

Statistical Analyses

All data are expressed as mean + standard deviation. The
paired Student ¢ test was used for comparison of variables
within experimental subjects (non-PR vs PR), and repeated
measures analysis of variance was used for interaction effect
comparisons. P values of <.05 were considered statistically
significant.

Results

The mean bypass time for preparation of the PR animal model
was 18 + 4 minutes, and weaning from bypass was easily
accomplished without catecholamine support. There was a
minimal change in the hematocrit after bypass (pre: 32% =+
3% and post: 28% + 5%).

Pulmonary Regurgitant Fraction and RV Function
in the PR Model

Pulmonary regurgitant fraction was 40% + 5% in our PR
model, and significant deterioration of RV function was shown
by CO (baseline: 1.7 + 0.3 L/min, PR: 1.3 £+ 0.2 L/min*) and
RVSS (baseline: 22% + 2%, PR: 18% + 2%*; Figure 5).
Pulse forms of the pulmonary flow in each condition are shown
in Figure 6 (*P < .01 vs baseline).

Effect of Respiratory Modulation on PR and RV Function

Under each ventilation condition (baseline, high CO,, low
CO,, and NO 20 ppm) in the PR group, pulmonary vascular
resistance was 544 + 160 dyne x s X cm_s, 836 + 207
dyne x s x cm >, 499 + 125 dyne x s x cm ¥, 340 +
102 dyne x s x cm>*" and PRF was 40% + 5%, 60%
+ 10%, 37% + 5%*, and 24% + 4%**, respectively, under
each condition. High Rp and PRF in the hypercapnia condition
significantly decreased under hypocapnia and NO inhalation.
As for RV function, CO levels were 1.25 + 0.2 L/min,
1.02 + 0.15 L/min, 1.33 4+ 0.12 L/min*, and 1.44 + 0.18
L/min*, and RVSS was 17.9% + 2.0%, 13.6% + 1.9%,
20.5% + 1.1%*, and 23.0% =+ 3.0%* in each condition
(Figure 7). Cardiac output and RVSS were significantly
decreased from baseline under hypercapnia, but they were
significantly improved after NO inhalation (*P < .01 vs
HiCO,, *P < .05 vs LoCO,).

Impact of Rp on PRF and CO

In each animal, the coefficient of correlation between Rp and
PRF for different ventilation conditions ranged from .874 to
.979, and there was a significant positive correlation between
Rp and PREF in all animals. There was also a negative correla-
tion between Rp and CO in all animals (Figure 8).

Discussion

In this animal study using an acute PR model, we verified the
impact of Rp on PRF and RV function. To the best of our
knowledge, this is the first in vivo experimental study to con-
firm the relationship between Rp, PR, and RV function. Pul-
monary regurgitation is generally driven by the diastolic
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Figure 5. PRF and RV function in non-PR and PR model. PRF indicates pulmonary regurgitant fraction; RV, right ventricular; CO, cardiac output;

RVSS, RV segment shortening.

pressure difference between the PA and the RV. On the other
hand, we often observe a large variability in the severity of
PR after RVOTR, even in stable hemodynamic conditions.
Tabayashi et al* reported that PRF within 5 years after RVOTR
was 5% to 40%, and there was no significant difference between
nonvalved and valved transannular patches. In other reports,”®
PRFs of chronic PR after RVOTR are very wide ranging. We
assume that the hemodynamic characteristics are maintained
regardless of PR, as long as there is an adequate level of Rp and
RV function. Furthermore, we also confirmed that the degree of
PR was remarkably improved by lowering Rp.

Right Ventricular Function Following the
Development of PR

Postoperative PR of more than moderate grade generally
causes RV volume overload and RV enlargement leading to
RV failure with time.® Frigiola et al reported that PR reduces
both ventricular contractility and function.” Subsequently, tri-
cuspid valve regurgitation caused by annular dilatation has
been found to lead to further RV enlargement in some cases,
and excessive myectomy performed during RVOTR may also
result in aneurysm or destruction of RV structures at some
point after surgery.®® In this study, the PRF of the PR model
was around 40% when the valve competency was totally abol-
ished, and the RV contraction and the CO were significantly

impaired, but the hemodynamics reached acceptable levels in
a short period. Kuehne et al.'® also demonstrated impaired
RV contractility with preserved RV diastolic function in an ani-
mal stenting model. In terms of clinical features, Bouzas et al''
speculated that postoperative PR is well tolerated after repair of
TOF in infancy but poorly tolerated in adults following late pri-
mary repairs because of the poor adaptation of a hypertrophied
and noncompliant right ventricle in adults. In addition, they
posited a physiological mechanism by which the fresh and nor-
mal pulmonary microvascular bed takes on some of the role of
the pulmonary valve. Actually, many children after TOF repair
show preserved RV function and structure until adulthood even
if the RV outflow patch has no valve or a fixed open valve.
Other than the above, the most important determinants of PR
leading to RV dysfunction are persistent RV afterload (pul-
monary arterial stenosis, bronchopulmonary disease, and left
ventricular dysfunction) and low RV compliance (myocardial
hypertrophy or fibrosis) in the chronic stage.

Impact of PVR on PRF and RV Function

Generally, the pressure gradient between the PA and RV at the
initial diastolic or end-systolic phase regulates PR. Thus, we
think that the PA pressure increases with the Rp and also con-
tributes to increase the PRF. In a similar fashion, Chaturvedi
et al'? demonstrated aggravation of PR by increasing airway
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Figure 6. Pulse form of pulmonary blood flow. PR indicates pulmonary regurgitation; NO nitric oxide.

pressure and simulating branch PA stenosis in cases after repair
of TOF. The present study also showed that low Rp signifi-
cantly decreased PRF with the RV volume load reduction and
improvement of the CO. In other words, pulmonary vasodilata-
tion in response to hypocapnia or NO inhalation leads to
reduction in the RV afterload and the PRF, and it improves pul-
monary circulation and CO levels even in the absence of a pul-
monary valve. Barbara et al'* reported that inhaled NO lowered
PA pressure and RV end-diastolic pressure and improved
stroke volume in a clinical study. We also confirmed a very
strong effect of NO on the pulmonary vasculature. Therefore,
it may be especially beneficial to apply NO in the acute treat-
ment period after RVOTR resulting in PR. Even in the case of
chronic PR, it seems that early induction of pulmonary vasodi-
lators (phosphodiesterase inhibitors or endothelin receptor
antagonists) in substitution for NO may delay the progress of
RV enlargement and dysfunction.

Clinical Implications

The prognosis after definitive repair of TOF is excellent in
recent years. Also, in RVOTR cases where there is a concern
about PR in the future, it is preferable to construct pulmonary
arteries without any obstruction and preserve the pulmonary

valve with or without minimized muscle resection.'* However,
there is still a considerable number of cases (ie, MAPCA, pul-
monary atresia, and small annuli) with small pulmonary vascu-
lature or cases that require the use of a transannular patch and
RV muscle resection.

Recent trends in TOF operations have been reported in the
Society of Thoracic Surgeons Database. According to this
source, transannular patches are still used in more than 60%
of TOF patients.'> When a monocusp valve has been incorpo-
rated in transannular patch augmentation of the RVOT, some of
the handmade pulmonary cusps have been shown to eventually
remain fixed in the open position and the valve function com-
pletely disappears in the long term after surgery, resulting in
progressive RV dysfunction due to PR and RV dilatation.
Furthermore, in the acute phase after surgery, we sometimes use
a nonvalved conduit for RVOTR in modified Norwood or pal-
liative Rastelli procedures, where acute PR and RV dilatation
may be major factors leading to hemodynamic instability.

With the recent sharp increase in adult congenital heart dis-
ease cases, it is expected that the need for pulmonary valve
replacement after RVOTR will also increase. Pulmonary valve
replacement for chronic PR is required in about 12% to 15% of
patients with repaired TOF.'®!” According to a recent report,'®
surgical mortality for pulmonary valve replacement was 4.5%,
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and the significant risk factors for mortality included age older ~ with right ventricle end-diastolic volume index >170 mL/m?
than 40 years and concomitant surgery. Furthermore, Therrien  or right ventricle end-systolic volume index >85 mL/m” may
et al'® suggested that pulmonary valve replacement in cases not contribute to improvement in the RV enlargement and
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cardiac dysfunction after surgery. Thus, the appropriate timing
and indications for pulmonary valve replacement should be
determined carefully based on PRF and RV volume.

The present findings regarding the significant relationship
between PR and Rp will provide a basis to verify the feasibility
of modulating Rp to minimize the severity of PR in the acute
phase of nonvalved RVOTR and may also have implications
for the chronic long-term postoperative status after successfully
repaired TOF. Furthermore, this study indicates that aggressive
utilization of NO and pulmonary vasodilators in the acute
recovery phase after surgical RVOTR might be beneficial to
avoid acute RV heart failure. In the long term, strategies that
result in optimization of the pulmonary vascular resistance may
potentially extend the period before pulmonary valve replace-
ment is necessary after RVOTR with resulting PR.

Limitations

This study simulates acute PR condition after RVOTR using an
animal normal heart. Right ventricle and pulmonary vascular
dynamics in the TOF heart are different from the normal heart,
and a chronic experimental model is mandatory to confirm the
validity of the relationship between PR and Rp. Nevertheless, a
reproducible model of chronic PR with a constant degree may
not be easily established in chronic animal studies, while clin-
ical data may be unreliable. The main purpose of this study was
to understand the hemodynamics of right-side circulation under
PR using a reproducible constant PR model. While further
studies are needed, we believe that the relationship between
Rp and PR also exists in repaired TOF hearts and chronic
PR. In this study, PR was surgically induced with a minimum
of influence on hemodynamics and also we did not intend to
strongly make a comparison between pre- and postsurgical
PR, but we should consider the effects of using bypass. Addi-
tionally, we assessed RV function by observing RV wall
dimension and cardiac output because it was difficult to mea-
sure the exact RV volume. This was minimally invasive and
sufficient to extrapolate simple RV function.

Conclusions

This study confirmed that acute severe PR causes deteriora-
tion of RV function, and that in the setting of acute PR, the
regurgitant fraction and cardiac output vary in response to
manipulations that result in changes in pulmonary vascular
resistance. Pulmonary regurgitant fraction had a positive cor-
relation with Rp, which indicates that low Rp is advantageous
in reducing the severity of PR and the RV volume load after
RVOTR with improvement in RV function. These findings
may have clinical implications for early and long-term post-
operative management of RVOTR with resulting pulmonary
valve incompetence.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This study
was supported by a grant from the Jikei University School of Medicine
Research and Education Fund.

References

1. Chaturvedi RR, Redington AN. Pulmonary regurgitation in con-
genital heart disease. Heart. 2007;93(7): 880-889.

2. Gatzoulis MA, Balaji S, Webber SA, et al. Risk factors for
arrhythmia and sudden cardiac death late after repair of tetralogy
of Fallot: a multicenter study. Lancet. 2000;356(9234): 975-981.

3. Kurosawa H, Morita K, Yamagishi M, Shimizu S, Becker AE,
Anderson RH. Conotruncal repair for Tetralogy of Fallot: Mid-
term results. J Thorac Cardiovasc Surg. 1998;115(2): 351-360.

4. Tabayashi K, Shoji Y, Uchida M, et al. Long-term hemodynamic
evaluation in patients after total correction of Tetralogy of Fallot.
Jpn J Thorac Cardiovasc Surg. 1986;34(2): 158-163.

5. Lee C, Kim YM, Lee CH, et al. Outcomes of PVR in 170 patients
with chronic PR. J Am Coll Cardiol. 2012;60(11): 1005-1014.

6. Samyn MM, Powel AJ, Garg R, Sena L, Geva T. Range of ventri-
cular dimensions and function by steady-state free precession cine
MRI in repaired Tetralogy of Fallot: right ventricular outflow
tract patch vs. conduit repair. J Magn Reson Imaging. 2007;26:
934-940.

7. Frigiola A, Redington AN, Cullen S, Vogel M. Pulmonary regur-
gitation is an important determinant of right ventricular contrac-
tile dysfunction in patients with surgically repaired Tetralogy of
Fallot. Circulation. 2004;110(11 suppl 1): 11 153-11157.

8. Udekem Y, Ovaert C, Grandjean F, et al. Tetralogy of Fallot:
transannular and right ventricular patching equally affect late func-
tional status. Circulation. 2000;102(19 suppl 3): III 116-111122.

9. Mahle WT, Parks WJ, Fyfe DA, Sallee D. Tricuspid regurgitation
in patients with repaired Tetralogy of Fallot and its relation to
right ventricular dilatation. Am J Cardiol. 2003;92(5): 643-645.

10. Kuehne T, Saced M, Gleason K, et al. Effects of pulmonary insuf-
ficiency on biventricular function in the developing heart of grow-
ing swine. Circulation. 2003;108(16): 2007-2013.

11. Bouzas B, Kilner PJ, Gatzoulis MA. Pulmonary regurgitation: not
a benign lesion. Eur Heart J. 2005;26(5): 433-439.

12. Chaturvedi RR, Kliner PJ, White PA, Bishop A, Szwarc R,
Redington AN. Increased airway pressure and simulated branch
pulmonary stenosis increase pulmonary regurgitation after repair
of Tetralogy of Fallot. Circulation. 1997;95(3): 643-649.

13. Barbara AC, Robert MK, Michael AF, et al. Comparison of the
effects of nitric oxide, nitroprusside, and nifedipine on hemody-
namics and right ventricular contractility in patients with chronic
pulmonary hypertension. Chest. 2001;119(3): 128-136.

14. Rao V, Kadletz M, Hornberger LK, Freedom RM, Black MD.
Preservation of the pulmonary valve complex in tetralogy of
fallot: how small is too small? Ann Thorac Surg. 2000;69(1):
176-180.

15. Al Habib HF, Jacobs JP, Mavroudis C, et al. Contemporary pat-
terns of management of tetralogy of Fallot: data from the Society
of Thoracic Surgeons Databese. Ann Thorac Surg. 2010;90(3):
813-819.

Downloaded from pch.sagepub.com at UNIV OF WESTERN ONTARIO on March 1, 2016


http://pch.sagepub.com/

510 World Journal for Pediatric and Congenital Heart Surgery 6(4)

16. Therrien J, Siu SC, McLaughlin PR, Liu PP, Williams WG, Webb ~ 18. Jain A, Oster M, Kilgo P, et al. Risk factor associated with mor-

GD. Pulmonary valve replacement in adults late after repair of tet- bidity and mortality after pulmonary valve replacement in adult
ralogy of Fallot: are we operating too late? J Am Coll Cardiol. patients with previously corrected Tetralogy of Fallot. Pediatr
2000;36(5): 1670-1675. Cardiol. 2012;33(4): 601-606.

17. Gatzoulis MA, Elliott JT, Guru V, et al. Right and left ventricular ~ 19. Therrien J, Provost Y, Merchant N, Williams W, Colman J, Webb
systolic function late after repair of Tetralogy of Fallot. Am J Car- G. Optimal timing for pulmonary valve replacement in adult after
diol. 2000;86(12): 1352-1357. tetralogy of Fallot repair. Am J Cardiol. 2005;95(6): 779-782.

Downloaded from pch.sagepub.com at UNIV OF WESTERN ONTARIO on March 1, 2016


http://pch.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


