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ABSTRACT

Objective: The use of homografts for aortic valve replace-
ment (AVR) is an alternative to mechanical or biological
valve prostheses, especially in younger patients. This ret-
rospective comparative study evaluated our single-center
long-term results, with a focus on the different origins of the
homografts.

Methods: Since 1992, 366 adult patients have under-
gone AVR with homografts at our center. We compared
320 homografts of aortic origin and 46 homografts of pul-
monary origin. The grafts were implanted via either a sub-
coronary technique or the root replacement technique. We
performed a multivariate analysis to identify independent fac-
tors that influence survival. Freedom from reintervention and
survival rates were calculated as cumulative events according
to the Kaplan-Meier method, and differences were tested
with the log-rank test.

Results: Overall mortality within 1 year was 6.5% (21/320)
in the aortic graft group and 17.4% (8/46) in the pulmonary
graft group. In the pulmonary graft group, 4 patients died from
valve-related complications, 1 patient died after additional
heterotopic heart transplantation, and 1 patient who entered
with a primary higher risk died from a prosthesis infection.
Two patients died from non-valve-related causes. During the
long-term follow-up, the 15-year survival rate was 79.9% for
patients in the aortic graft group and 68.7% for patients in
the pulmonary graft group (P = .049). The rate of freedom
from reoperation was 77.7% in the aortic graft group and
57.4% in the pulmonary graft group (P < .001). The reasons
for homograft explantation were graft infections (aortic graft
group, 5.0%; pulmonary graft group, 6.5%) and degeneration
(aortic graft group, 7.5%; pulmonary graft group, 32.6%).

Conclusion: Our study demonstrated superior rates of
survival and freedom from reintervention after AVR with
aortic homografts. Implantation with a pulmonary graft was
associated with a higher risk of redo surgery, owing to earlier
degenerative alterations.
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INTRODUCTION

The use of homografts for aortic valve replacement (AVR)
is a good alternative to mechanical or biological prostheses,
because anticoagulation medication can be avoided and excel-
lent hemodynamic conditions can be achieved.

After the introduction of homografts for AVR in 1962
[Ross 1962; Barratt-Boyes 1969], the early preparation and
preservation techniques generated fewer favorable long-
term results until the establishment of antibiotic sterilization
[Yacoub 1970] and cryopreservation techniques [Hehrlein
1971; O’Brien 1987; Schiitz 1993; Fischlein 1995; Mirabet
2008]. After publications [Barratt-Boyes 1969; Mirabet 2008]
that promised good midterm results after homograft implan-
tation, a program based on our in-house homograft bank was
launched in our institution. Because of the growing demand
for homografts, the use of homografts of pulmonary origin was
also established; however, early degeneration of homografts
may lead to hemodynamic compromise. In this retrospec-
tive study, the outcomes after homograft implantation were
evaluated with respect to the origin of the grafts, with special
attention paid to infections and early degeneration.

MATERIALS AND METHODS

Homografts

The homografts were harvested from the hearts of cardiac
transplant recipients. After treatment with an antibiotic cock-
tail containing amikacin, ciprofloxacin, vancomycin, ampho-
tericin B, and metronidazole, the homografts were stored in
liquid nitrogen at —197°C in our in-house homograft bank,
with dimethyl sulfoxide used as a cryoprotectant [Schiitz
1993]. Overall, 320 aortic homografts and 46 pulmonary
homografts were implanted.

Surgical Techniques

Between 1992 and 1995, homografts (n = 75) were implanted
via a subcoronary technique that conserved the patient’s aortic
root. All other implantations occurred via root replacement,
which requires reimplantation of the coronary arteries
(n = 291) (Figure 1). All procedures were performed via a
median sternotomy and with cardiopulmonary bypass. The
septal temperature depended on the need for additional cardiac
arrest and ranged between 16.0°C and 32.0°C (mean, 26.6°C)
in both the pulmonary graft and aortic graft groups. The mean
(£SD)bypass time was 170 + 52 minutesin the aortic graftgroup
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Figure 1. The homograft is implanted into the desired position.

and 163 = 49 minutes in the pulmonary graft group (differ-
ence not statistically significant). The mean aortic-clamping
time was 121 + 30 minutes in the aortic graft group and
126 + 30 minutes in the pulmonary graft group (not sig-
nificantly different). Standard cardioplegic arrest was per-
formed with Bretschneider solution (HTK; Dr. Franz
Kohler Chemie, Bensheim, Germany). In 48 aortic graft
cases and 6 pulmonary graft cases, Buckberg blood car-
dioplegia was used.

Study Design

Starting in May 1992, 432 patients underwent AVR with
homografts at our institution. Patients with congenital heart
diseases (n = 55) were not included in this study. The patients
participated in annual prospective follow-ups that included
echocardiography, electrocardiography, and history-taking
evaluations, which were completed for 97% (366) of the
patients. The institutional review board provided dispensa-
tion for this retrospective study.
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Echocardiographbic Analysis/Follow-up according to the
Origin of the Graft

"To compare the long-term hemodynamic results of aortic
grafts and pulmonary grafts, we assessed the following
parameters by echocardiography: end-diastolic diameter (in
millimeters), left ventricular ejection fraction, peak pressure
gradient via the homograft (in millimeters of mercury), regur-
gitation grade (0-1II), and root diameter (in millimeters).

All of these data provide information about overall graft
function. Structural alterations to grafts were described
according to Yacoub et al [1995]. Regurgitation was graded
as absent (grade 0), mild (grade I), moderate (grade II), or
severe (grade III). Stenosis was defined as moderate at a mean
pressure gradient between 30 and 50 mm Hg and as severe
at a mean pressure gradient >50 mm Hg. In addition, we
analyzed the effects of the type of graft (aortic versus pul-
monary), the implantation technique (subcoronary versus
root replacement; Figure 1), and patient sex. Postoperatively,
patients underwent thorough echocardiographic reexamina-
tions and reinterview evaluations once a year in our outpa-
tient department.

Data Acquisition and Analysis

Surgical results and follow-up data were reported in accor-
dance with the recommendations of the Ad Hoc Liaison Com-
mittee [Edmunds 1996]. All recorded data were examined statis-
tically via analysis of variance, the Student t test, the chi-square
test, and the Wilcoxon test as appropriate for the comparison of
means. A P value <.05 was considered statistically significant.

Survival and freedom from reoperation were analyzed as
cumulative events according to the Kaplan-Meier method
and were evaluated statistically with the log-rank test, with
documentation of the patients at risk. Statistical analyses were
carried out with SPSS (version 17.0. for Windows; SPSS,
Chicago, IL, USA).

RESULTS

Demographics

Of 366 adult patients, 253 (72.0%) were male. The mean
age at homograft implantation was 51.6 years (range, 12-84
years), with a mean (+SD) follow-up time of 9.4 = 3.8 years
(maximum, 16.2 years). The indications for AVR with either
an aortic graft or a pulmonary graft are shown in Table 1.
Additional surgical procedures (stand alone or in combina-
tion) were necessary in 55 patients for replacement of the
ascending aorta, 12 mitral valve operations, 1 tricuspid valve
reconstruction, and 39 coronary artery bypass grafts.

Echocardiographic Results

The left ventricular ejection fraction increased slightly
but not significantly in both groups after surgery, and the left
ventricular end-diastolic diameter decreased in both groups.
In the aortic graft group, the postoperative root diameter
showed a progression from a mean diameter of 28 mm to
33 mm after 15 years. The peak pressure gradient increased
from 10.5 mm Hg to 37 mm Hg after 15 years, and aortic
valve regurgitation increased from less than grade I after



Table 1. Indication for Surgery

Pulmonary versus Aortic Homografts for AVR—Vogt et al

Table 2. Echocardiography Data*

Aortic  Pulmonary
Indication for Surgery Patients, n  Grafts, n  Grafts, n P
Degenerative 298 259 39 NS*
Infectious 51 46 5 NS
Aortic valve stenosis 98 94 4 NS
Aortic valve regurgitation 65 47 18 NS
Combined aortic valve 59 47 12 NS
diseases
Replacement of preexisting 8 8 0 NS
prostheses

*NS indicates not statistically significant.

surgery to grade II to III after 15 years without significant dif-
ferences between the aortic graft and pulmonary graft groups.
The echocardiographic results are summarized in Table 2.

Bleeding and Thromboembolism

Because anticoagulation therapy is not required after
homograft implantation, some patients received acetylsalicylic
acid or coumarin therapy for other reasons, such as coronary
artery disease or atrial fibrillation. In the early postoperative
course, major bleeding was found in 16 aortic graft cases and
2 pulmonary graft cases. A hemodynamically relevant tampon-
ade occurred in 6 aortic graft cases and 2 pulmonary graft cases.
No cerebral bleeding occurred. Two patients in the aortic graft
group presented with single episodes of upper gastrointestinal
bleeding, and 3 patients in the aortic graft group experienced
epistaxis. Only 1 patient in the pulmonary graft group with
coumarin therapy experienced epistaxis. Exclusively in the pul-
monary graft group, 2 strokes and 11 transitory ischemic attacks
were registered during the observation period.

Survival

The 30-day mortality rate was 3.7% (10/320) in the aortic
graft group and 15.2% (7/46) in the pulmonary graft group.
"Two patients in the pulmonary graft group died from endo-
carditis after prosthesis infection. One patient who under-
went additional heterotopic heart transplantation died, and
2 other patients died from non-valve-related causes. The
mortality rate within 1 year was 6.5% in the aortic graft group
(217320) and 17.4% in the pulmonary graft group (8/46)
(P = .43, nonsignificant). The survival rate after 5 years was
89.6% in the aortic graft group and 76.0% in the pulmo-
nary graft group (P = .001). After 10 years, the survival rate
was 85.6% in the aortic graft group and 76.0% in the pul-
monary graft group (P =.024). During the long-term follow-up
(Figure 1), the 15-year survival rate was 79.9% among patients
with homografts of aortic origin and 68.7% among patients with
homografts of pulmonary origin (P = .049).

Freedom from Reintervention

The rate of freedom from reintervention after 1 year was
99.1% in the aortic graft group and 97.8% in the pulmonary
graft group (P = .08). At 5 years after surgery, the rates were
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Follow-up

Parameter Postoperative 5 Years 10 Years 15 Years
Root diameter, mm

AG 28.3 30.7 29 33

PG 30.0 30.5 29 -
Peak pressure gradient,
mm Hg

AG 10.5 15.5 20.6 37

PG 1.2 9.8 1.0 -
Aortic valve regurgita-
tion, grade (O-lll)

AG 0.43 0.99 0.91 2.5

PG 0.96 1.15 1 -

*AG indicates aortic graft; PG, pulmonary graft.

95.8% and 82.4%, respectively (P = .001). After 10 years,
84.5% of the patients in the aortic graft group and 64.0% of
the patients in the pulmonary graft group were free from rein-
tervention (P < .001). The long-term freedom of reinterven-
tion (after 15 years) was 77.7% in the aortic graft group and
57.4% in the pulmonary graft group (P < .001; Figure 2).

The main reason for homograft replacement was graft
infection. Infections necessitated redo AVR in 16 patients
in the aortic graft group and 3 patients in the pulmonary
graft group (difference not statistically significant). Degen-
eration was more often seen in the pulmonary graft group
(15 patients) than in the aortic graft group (24 patients). In
contrast to the aortic graft group, regurgitation was the main
cause of degenerative alteration in the pulmonary graft group
and led to graft explantation. Of these patients, 53 underwent
classic redo surgery with mechanical or xenobiotic prosthe-
ses. Two patients specifically asked for another homograft,
and 3 patients underwent minimally invasive transapical valve
implantation.

DISCUSSION

The intention to use homografts for AVR in our depart-
ment was to obtain excellent hemodynamic conditions that
were superior to those for stented xenografts and to obtain
improved long-term durability, following the publication
of promising studies that described enhanced preservation
methods [O’Brien 1987; Mirabet 2008]. Because of an overall
lack of grafts, pulmonary grafts were also used in the aortic
position.

The results we have presented focus on the implanta-
tion of pulmonary grafts versus aortic grafts for AVR and
their long-term follow-up results. As suspected, we can now
accept our hypothesis that the need for redo AVR (Figure 3)
and even survival rates (Figure 2) are significantly worse
for patients who received pulmonary grafts than for those
who received aortic grafts. The survival results for the
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Figure 2. Long-term follow-up of survival among patients with
homografts of aortic and pulmonary origin.

aortic group are comparable to results reported by other
investigators regarding homograft implantation [Lund
1999; O’Brien 2001; Kilian 2004; Mirabet 2009] or after
AVR with xenografts [Frater 1998; Borger 2006]. In con-
trast to early publications regarding the use of pulmonary
grafts for AVR [Gorczynski 1982; Mair 1995; Yacoub 1995],
the incidence of graft failure in our series of patients was
higher in patients who received pulmonary grafts. The
higher early mortality in patients who received pulmonary
grafts was the most obvious difference between the 2 graft
groups. Because of this fact, we cancelled the implantation
of pulmonary grafts at our institution; however, mortality at
1 year after implantation of a homograft was independent
of the anatomic origin of the graft. A possible explanation
for this early-mortality result is that early degeneration of
pulmonary valve homografts might occur mostly in the first
year after implantation.

The necessity for graft explantation is reflected in the free-
dom from redo AVR, which is another major issue of interest
in comparing aortic and pulmonary grafts. The rate of free-
dom from redo AVR after 15 years was 77.7% for an aortic
graft and 57.4% for a pulmonary graft in the aortic position
(P <.001; Figure 3). The 2 graft groups showed no significant
differences in the reasons for graft explantation. This finding
may be biased by the smaller number of pulmonary grafts. A
remarkable finding was the higher number of degenerative
alterations, especially in the rate of regurgitation, that led to
pulmonary graft explantation. Our echocardiographic data
revealed increases in the regurgitation rate and the pressure
gradient in both groups, but the differences were not statisti-
cally significant.
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Figure 3. Long-term follow-up of freedom from reintervention among
patients with homografts of aortic and pulmonary origin.

In a comparison of AVR using homografts with the Ross
operation, Horer [2009] showed that the origin of the graft
indeed influenced the outcome and follow-up of the sub-
sequently performed surgery. Owing to the positive results
for pulmonary autografts in the aortic position as performed
in the Ross operation, this transpositioning procedure was
replicated with cryopreserved grafts. This conservation and
storing process might have affected pulmonary grafts more
negatively than aortic grafts. This hypothesis might explain
why the major problem in the Ross procedure is not the
pulmonary autograft in the aortic position but the degener-
ated or, more likely, calcified homograft in the pulmonary
position. Some morphologic studies have shown cusp tissue
degeneration with tears and calcification, as well as pannus
growth on the flow and nonflow surfaces of the cusps, when
pulmonary grafts are implanted in the pulmonary position
[Luk 2007]. A significant loss of cuspal tissue on one side was
described in that report, but there was no evidence of inflam-
mation. Few reports have discussed long-term morphologic
changes in explanted pulmonary homografts after the Ross
procedure [Tweddell 2000; Butany 2004]. Such changes have
been described as a significant loss of cuspal tissue, as well as
calcification and ossification at the basis of the cusps. Such
changes contribute to stenosis, incompetence, and eventual
failure that necessitate surgical explantation.

Although some authors have described the process of
cryopreservation and its potential side effects as such, no
explicit examination has yet been performed with respect to
the origin of the valve. The results obtained at our institu-
tion suggest a difference in outcomes that is related to the
origin of the graft. In contrast to early publications regarding



the use of pulmonary grafts for AVR [Gorczynski 1982; Mair
1995; Yacoub 1995], the incidence of graft failure was higher
in patients who received pulmonary grafts than in those who
received aortic grafts, an observation that led to the deci-
sion to cease implantation of pulmonary grafts in the aortic
position at our institution. The actual number of degenera-
tions was higher than expected, especially in the pulmonary
graft group. In contrast, as previously described [Riberi 1997;
Niwaya 1999; Naegele 2000], homografts are especially used
in our institution for difficult cases involving patients pre-
senting with native aortic valve endocarditis, including root
abscesses [Gulbins 2002].

CONCLUSION

AVR using homografts has been performed at our institu-
tion for 16 years. Our experience has shown that the use of a
pulmonary graft leads to worse results after AVR; we there-
fore cancelled the implantation of homografts of pulmonary
origin. The data we have presented confirm both a higher
rate of graft explantation and increased mortality in patients
who receive a pulmonary graft. Our data for survival and free-
dom from redo procedures for aortic grafts are comparable to
the data of others who have described similar techniques or
AVR procedures involving xenoprostheses.

REFERENCES

Barratt-Boyes BG, Roche AH, Brandt PW, Smith JC, Lowe JB. 1969.
Aortic homograft valve replacement. A long-term follow-up of an initial
series of 101 patient. Circulation 40:763-75.

Borger MA, Ivanov J, Armstrong S, Christie-Hrybinsky D, Feindel CM,
David TE. 2006. Twenty-year results of the Hancock II bioprosthesis. J
Heart Valve Dis 15:49-56.

Butany J, Ahluwalia MS, Nair V, David TE. 2004. Cryopreserved pulmo-
nary homograft: postimplant changes. Cardiovasc Pathol 13:59-61.

Edmunds LH Jr, Clark RE, Cohn LH, Grunkemeier GL, Miller DC,
Weisel RD. 1996. Guidelines for reporting morbidity and mortality after
cardiac valvular operations. The American Association for Thoracic Sur-
gery, Ad Hoc Liaison Committees for Standardizing Definitions of Pros-
thetic Heart Valve Morbidity. Ann Thorac Surg 62:932-5.

Fischlein T, Schiitz A, Haushofer M, et al. Immunologic reaction and
viability of cryopreserved homografts. Ann Thorac Surg 1995;60:122-6.

Frater RW, Furlong P, Cosgrove DM, et al. 1998. Long-term durability
and patient functional status of the Carpentier-Edwards Perimount peri-
cardial bioprosthesis in the aortic position. ] Heart Valve Dis 7:48-53.

Gorczynski A, Trenkner M, Anisimowicz L, et al. 1982. Biomechanics of
the pulmonary autograft valve in the aortic position. Thorax 37:535-9.

Gulbins H, Kilian E, Roth S, Uhlig A, Kreuzer E, Reichart B. 2002. Ts
there an advantage in using homografts in patients with acute infective

© 2011 Forum Multimedia Publishing, LLC

Pulmonary versus Aortic Homografts for AVR—Vogt et al

endocarditis of the aortic valve? ] Heart Valve Dis 11:492-7.

Hehrlein FW. 1971. Preservation problems of homologous and heterolo-
gous aortic valve grafts [in German]. Thoraxchir Vask Chir 19:394-5.

Horer J, Hanke T, Stierle U, et al. 2009. Homograft performance in chil-
dren after the Ross operation. Ann Thorac Surg 88:609-15.

Kilian E, Oberhoffer M, Gulbins H, Uhlig A, Kreuzer E, Reichart B.
2004. Ten years’ experience in aortic valve replacement with homografts
in 389 cases. ] Heart Valve Dis 13:554-9.

Luk A, Butany J, Erlich SA, Henry J, David TE. 2007. Long-term mor-
phological changes in a cryopreserved pulmonary valve homograft. Can
J Cardiol 23:817-9.

Lund O, Chandrasekaran V, Grocott-Mason R, et al. 1999. Primary
aortic valve replacement with allografts over twenty-five years: valve-
related and procedure-related determinants of outcome. J Thorac Car-
diovasc Surg 117:77-90; discussion 90-1.

Mair R, Harringer W, Wimmer-Greinecker G, et al. 1995. Aortic valve
replacement with cryopreserved pulmonary allografts: five years’ fol-
low-up. Ann Thorac Surg 60:5185-8.

Mirabet V, Carda C, Solves P, et al. 2008. Long-term storage in liquid
nitrogen does not affect cell viability in cardiac valve allografts. Cryobiol-
ogy 57:113-21.

Naegele H, Bohlmann M, Doring V, Kalmar P, Rodiger W. 2000. Results
of aortic valve replacement with pulmonary and aortic homografts. J
Heart Valve Dis 9:215-20; discussion 220-1.

Niwaya K, Elkins RC, Knott-Craig CJ, etal. 1999. Advantage of autograft
and homograft valve replacement for complex aortic valve endocarditis.
Ann Thorac Surg 67:1603-8.

O’Brien MF, Harrocks S, Stafford EG, etal. 2001. The homograft aortic
valve: a 29-year, 99.3% follow up of 1,022 valve replacements. ] Heart
Valve Dis 10:334-44; discussion 335.

O’Brien MF, Stafford EG, Gardner M, et al. 1987. The viable cryopre-
served allograft aortic valve. ] Card Surg 2(suppl):153-67.

Riberi A, Caus T, Mesana T, et al. 1997. Aortic valve or root replacement
with cryopreserved homograft for active infectious endocarditis. Cardio-
vasc Surg 5:579-83.

Ross DN. 1962. Homograft replacement of the aortic valve. Lancet
2:487-93.

Schiitz A, Fischlein T, Haushofer M, et al. 1993. Homograft aus der
eigenen Herzklappenbank. Z Transplantationsmedizin 5:194.

Tweddell JS, Pelech AN, Frommelt PC, et al. 2000. Factors affecting lon-
gevity of homograft valves used in right ventricular outflow tract recon-
struction for congenital heart disease. Circulation 102(suppl 3):ITI130-5.

Yacoub M, Kittle F. 1970. Sterilization of homografts by antibiotic solu-
tions. Circulation 41(suppl):1129-32.

Yacoub M, Nasser RH, Lund O, et al. 1995. Fourteen-year experience
with homovital homografts for aortic valve replacement. J Thorac Car-
diovasc Surg 110:186-93.

E241





<<
  /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


