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ABSTRACT

Background and Objectives : Heart rate variability (HRV) analysis, by conventional measures, for predicting the
risk of atrial fibrillation (AF) has inherent shortcomings. Recently, nonlinear HRV analysis methods have been
developed to reveal heart rate dynamics not evident from usual HRV measures. The purpose of this study was
to test the hypothesis “heart rate dynamics are altered before the spontaneous onset of paroxysmal AF (PAF)”
using algorithms derived from symbolic dynamics based on nonlinear system theory. Subjects and Methods :

This study included 34 subjects (30 males, 5919 years): 17 PAF patients and 17 gender and age—matched con-
trols, who underwent 24—hour Holter ECG. The dynamics of one hour of normal sinus rhythm before the onset
of AF were assessed using 4 different symbolization algorithms, and quantified by Shannon entropy (SE) and
Renyi entropy (RE). Results : The SE, RE and Error—corrected SE (ECSE) were larger in the PAF than the con-
trol patients when the raw R-R data was assessed (Algorithm I). However, when reconstructed time series, ex-
pressed as the time difference between 2 successive R-R interval, were analyzed (Algorithm II, III and IV), the
entropy of the PAF patients were consistently smaller than those of the controls. Of the 4 different symboliza-
tion algorithms, algorithms II and III showed a significant difference in the SE, ECSE and RE between the PAF
and the control patients (p<0.05). The difference in the RE at q=4 was most significant (p<0.001). Of the various
word patterns seen during analysis using algorithms II and III, a marker of heart rate variation, the frequency
of (1,1,1) pattern, was two—fold higher than in the control patients. The frequency of this pattern was 1.5—fold
higher in the PAF patients when algorithm IV was used. These results suggest that a few specific word patterns
are repetitive in a pathologic condition, such as PAF, and the heart rate dynamics were decreased in PAF.
Conclusion : HRV analysis by symbolic dynamics may be a useful adjunctive tool for the detection of ab-
normal heart rate dynamics as a pathophysiological mechanism of PAF. (Korean Circulation J 2004;34(10):
953-962)
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Table 1. Clinical characteristics of the control and PAF
patients

Control PAF

N=17 N=17 P

Male/female 15/2 15/2 NS

Age, years 588+ 9.2 587+ 9.0 NS

LVEF, % 628+ 7.7 603+11.9 NS

LAD, cm 3.69+0.32 3.76+0.43 NS

oo g
Hypertension 2 2

Diabetes mellitus 1 1

PAF duration, min 173+196
(range) (49" =11 hrs 36™)

LAD: left atrial diameter, PAF: paroxysmal atrial fibrillation,
LVEF: left ventricular ejection fraction, NS: noft significant

Table 2. Shannon enfropy, error corrected Shannon ent-
ropy, Renyi entropy at q=0.25 and 4 according to algo-
rithm I, 1I, lland IV

Algorithms Control PAF
| 294+0.625  3.18+0.557
SE Il 2.83+0.112  2.70+0.144*
M1l 2.83+0.112  2.70+0.144*
[\ 270+0.418  2.45+0.344
| 3.66+0.625  3.90+0.557
Il 3.56+£0.112  3.42+0.144*
ECSE
il 3.551£0.112  3.42+0.144*
\% 3.42+0.418  3.17+0.344
| 42610436  4.61+0.557*
Il 295+0.005  2.90+0.006*
RE (0.25)
M1l 294+0.004  2.90+0.006*
[\ 292+0.105  2.86+0.008
I 1.87+0.517  2.05%+0.471
Il 29510005  2.39+0.243f
RE (4)
M1l 2.60+0.196  2.39+0.243*
\% 2.30+0.800 1.71£0.611*

#: p<0.05 control vs. PAF, 1:p<0.001 control vs. PAF. SE:
shannon entropy, ECSE: error corrected shannon ent-
ropy, RE: renyi entropy, PAF: paroxysmal atrial fibrillation

A & 4] ANl & T Alolell Aol
glgick 17739 ARAEE) A4ARES B 1732196
AJ710] 49%3E] 11

wolglom, AuAlEe] 4 A7k 36
Z B ASGE A7 thekskltk
AEZT|(entropy)

R-R 1HAdo|Efol| tigt 4714 Pr 3} daralgel 9
3 TR Bl tislel A3 Ak 4714 L
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ZF FoA dugE 18 J8319S 4 RE(g=4)
ol p7} 0.0010]8t2 7P &= Feol=s
2 B4 (Table 2). daglE 1
AEkE AAIG tigh F-oad A
RE(q=0.25, 4) 9|4 thzrmo} Adalsaols =7
LER} 538k F8lks Hols A & = Qo F
Atolel] BAIARD ZFol7t §iglek. 12fvt RE(q=0.25)
Ao F o Alolof] BAIFCE {23t 2lo)7} 9l
QUH(TIZATE 4.26+0.436 vs. ST 4.61+0.557,
p<0.05).

od1E]FE 15 o] 83 SE, ECSE, RE (q=0.25, 4) 9]
Fod BAeAEs tizro] AAETEe £25H)
=9kow, 53] q=4< wje] REF®] p<0.001Z 71 &
S FOEE BtH(Table 2). w3 Q) ML A
galo] B49381998 W= SE, ECSE, RE(q=0.25, 4) ||
A dizre] AWAlsTtETh 2 3k 7K, SE, ECSE,
RE(q=0.25, 4) oM p<0.052 TAA o2 {3t 2}
ol= T = QIolek YwElE Ve 9ol RE(q=4)
A Ag-exnt f2lgt zlo)g #F  QIgle) Ak

+~

o] WES B 5 Qe duElFE VolMs Al
o)A SE, ECSE, RE(q=0.25, 4) RSl tzr5rt
Aaslglon, 53] RE(q=4) 31 Aol F 3kl 1
93t zjo)7} AATHEAZT 2.30+0.800 vs. 4AHAlE
T 1.71+0.611, p<0.05).

24| 2M(pattern analysis)

el [ elrls dizr ) AAlsreld 000, 111,
222, 3337 78 variability 2] W37} §le FHS0)
T ] Tk Auskar glom, e gAY &
& %7} 103 oJsk= g~ w& FH (forbidden or
rare word) 2] 7oz thzrelld 031 (A o2,
203, 002 47}, AgAlErrel Z-9-¢l= 032, 002,
031, 203, 320 FH=2 Fg=|ick =gt AgAlstel
Ak Yeps FH2E 101 Fu7 st g
(forbidden word) FHZ+& 032, 320 F47} Yehiar
A (Fig. 1).
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Fig. 1. Observed word pattern by algorithm Iin control (A) and paroxysmal atrial fibrillation (B) patients.
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Table 3. Comparison of frequency of observed word pattern by algorithm | (symbol 1, 2) in control and PAF patients

p112 p121 p122 p211 p212 p221
Control 137 £69 80+ 43 118+53 136165 59+ 33 122+55
PAF 161+95 1444143 149 +82 156198 130157 141+88
PAF/control 1.17 1.80 1.27 1.14 2.19 1.16

PAF: paroxysmal atrial fibrillation

Table 4. Comparison of frequency of observed word pattern by algorithm | (symbol 0, 3) in control and PAF patients

p003 p030 p033 p300 p303 p330
Control 21.29+87.54 0.24+ 0.66 24.53+100.88 10.76+43.61 1.53+ 579 12.29+48.14
PAF 11.53+£38.17 21.82+53.39 212+ 3.93 17.47 £44.15 11.59+£32.67 3.059+ 4.47
PAF/control 0.54 92.75 0.09 1.62 7.58 0.25

PAF: paroxysmal atrial fibrillation

0, 305 717} 48 Ffol vt 24 e sk 5
5 1, 2= Aol 5} 7w ARlE ek W%
o] e A9l APk, FE 0, 3 po]=rt 5

7H A el Wl 3 gl dgi,

1, 22 79 4 YoM = AAlE Tol tiERTR
T} £ ) HlE52 Ho|W(Table 3) T T Alo]9]

SAA R v-f]??l' ol YEREA] kgt

H3 0, 3025 9% FH3= 003, 033, 330 4
o] Wb RIE7} gzl A =LA veRdkar, 030, 300,
303 = AA vepsth AAls /i) Het Wl
SRl 1712 WA rellA] Bo] vepskont f-2]
Sk Ajoli= Kol AkgttH(Table 4).

dE]FE Mol AR 74 w4 elxde iz A
WA ol A ke 8744 B (111, 112, 121,
122, 211, 212, 221, 222) & 7K #3E5 71 0,
35 7 T VEREA ol AelA UrEM o
Y f3elA 121, 122, 212, 221 Y= ixrRot
AAlE el wo] e ks FHgleH, 111, 112,
211, 222 FH= AAlE TR gizrelA gl
ERdtH(Table 5). 18] 111 Y= 4AWAlE oA
thzo] 1/2 WiER UeRgon, Agusr) 714 (de-
celeration) ¥l A&7} 2Ry At AS & &
At

rE]E Ml 23t 4 78 Aol gzt
s Felld wol B = 4= 100, 010, 001,
101019, Ri2 thzrolla o] 2 == 79 000,
110, 011, 1115¥93c) T8 F 7 Alel2] 4 H]
el darE]F 08k vREPHAE 111 5971 AAls
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Table 5. Comparison of frequency of observed word pat-
tern by algorithm Il in control and PAF patients

Control PAF czl:\fr/ol

p022 0.12+ 0.48 0.00+ 0.00 0

pl11 265.88+220.14 120.82+105.98 0.45
pl12 475.58+160.75 402.17£188.46 0.85
p120 0.12+ 0.48 0.00+ 0.00 0

pl121 540.67 =148.15 638.35+271.29 1.18
p122 855.35+£125.89 876.05£179.23 1.02
p202 0.12+ 0.48 0.00+ 0.00 0

p211 475.70+£160.82 402.29 +188.40 0.85
p212 920.52+246.53  1112.10+312.61 1.21
p221 855.47+125.82 876.23+179.33 1.02
p222  1018.30+336.62 953.11£553.71 0.94

PAF: paroxysmal aftrial fibrillation

TollA] i) Ank Jwo] RS wlon o] Hd
o A Wk 7 g 7S 5 Qs FHE 54
o= %94%& 2folE HAITHEZT ] 111 74 <] F+t
g RIS 2661220 vs. AMAIETS] 111 FH9
3t ‘ja“ W% 11212106, p<0.05) (Table 6).
Table 7= &a2)5 VS o]§3t Y ¥X43}% 010
FH7F Al ellA 940}74] A T e
9] 010 §H9] Hat ¥HNIE 1 534+£1459 vs, A
Als] 010 74 1 et HE”ME :397+209, p=
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Table 6. Comparison of frequency of observed word pattern by algorithm Il in control and PAF patients

p000 p100 p010 pO01 p110 pO11 p101 plll

Control 1018+337  855+126 920247  855+126 4751161  476+161 5411148 2661220
PAF 953+554  876+179  1112+£312 876+179 402+188 402+188 638+271 121+106*
PAF/control 0.94 1.02 1.21 1.02 0.85 0.85 1.18 0.45
x:10<0.05 control vs. PAF. PAF: paroxysmal atrial fibrillation
Table 7. Comparison of frequency of observed word pattern by algorithm IV in confrol and PAF patients

p000 p100 p010 p001 p110 pO011 p101 plll
Control 13691057 1369126 5341459 5724126 541+190 541+190  503+226 775+ 692
PAF 15031177  474+232 397+ 209* 475+232 488+210 488+210  410+259 11441898
PAF/control 1.10 0.35 0.74 0.83 0.90 0.90 0.82 1.48

x:p<0.05 control vs. PAF. PAF: paroxysmal atrial fibrillation
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Vikman 5278 w214 A Eskatel A AubaE ok
A A w42 A9=Z ApEn(Approximate entropy)
I} R-R3FA 9] el 954 (fractal correlation pro-
perties) 2 detrended fluctuation analysis(DFA) W<

o]83}0] @4 (short—term scaling exponent) & 573t
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& Y A R-R7HA 9] H3do] Al AL £4E 54
(fractal properties)©] tﬂ@rﬂﬂ*— APLE al?ﬁ%‘:} &
AL RS EAE PN FIPS LA R BUS ES JEEC IRSERis P
5 R-RiPAWAsN] B3 9] 7AE YEhl= ApEng
vt & 3 A% AEe] 2S5 & Qe Tast
QA7 =)o o] lol] Fml FHE B
Tl AP O R FFeE A9 mFAAd (vagal type)
¥} w7173 (sympathetic type) 2] AHHAlE Bl
AHAE 38 2 ApEne] #Hasigivh= Holth
$5EhS o] gt AuhHo 0] A2 gAY
olo] == 414 widlol} A4 Alga) 2 ofy 72
W o] WS- o Zah=t] o] g5 g oL} gk A
o WS 01]5‘“3} | HGH A8 AL %iﬂr.
_—'L

l

4

ox

FFi

ofr 1A} 33Tk

Wessel 572 16M9] 3% “é AT 7 381
9} A3 oixTt 18749 24413t
o2 7R FHel gk 24S sisick Bge gE
©] 0.0011c} 2= o gk WAy Ricel] oigh 24
ol A g xS 35RTH B A vghon, 3zt
T2 gRE 408} iﬂ] Vet &3t “wsdvar”-2
A ATFER] B¢ 158 SA vgka, 34
g2 1580 2A] YERsT

Kurths 520 A4k gz} 211, 2234 84} 91,
e 5 oy AN T 130 chit 2
ol H?"Eﬂ 2 @A B3 64709 b5 7Y F
10719] FHofl AFEo] vehhs v, 8 iz

< 9 odst FEE 7RIt el digk ksl
© 2 AREH Shannon entropy 9} Generalized Renyi
entropy©llA] Reyni entropy”’} B & A% 9%

13k

u:E

do s,

960

Wessel 208 A4 FAle] 3 €olol
| ¥A8sk= 3 22 Shannon entropy
Al tizsto] Al vebd o, Aduleae] v

SRR

% A)A] AﬂEO

Ho| =2 UeRh):= plvarl004E tixo] WA vEr
‘r%% BA

A WE ol Aalniulo] wbajel] et Aub

LA wWgle}l mx A & darels 1, e 49 SE,

ECSE, RE(q=0.25, 4) 55 Aol 1as)

31, el VollA= q=4Y wf REZ} frelshAl h4a
J

she As #EE 5 QI3UT) Entropy =2 53449

it Aot AAN RANS fUF 5 i =
#e gyetkn @ & ek

o] 3t entropy 2] A47) A st oz ofr W3lE
Uehl=A1is ok 2 LA 90 4t Entropy 7} 4

BERe] B A 9] Aol tieh 8285 vet
Wik 27k glovk, entropy 9] Wakt lelshs
2] 8}H4] %25 (physiological correlates) ol Tt <1
T Aok & Zlow YL,

B o] AsrEom B gakel Aur AlEo] ukat
Ul x]_:ﬁj\]ﬂ-o] r/]. ]:5].:11 }\hﬂ]— A}]EO] vzl 0l X].J..}\]7]-

of ket Agurgee) wale] Felso] g Ao
2}t o)efd QIS lat E4o] o] Fofx|x] ¢k
th= Aa B oo AuhlE whA A §Ra)7k]

MEkgoLt ARl T WakE ¥

AuE) Wshihe Ha »
Hak 7S Aupelze] 79 FY ol & e
Ao AZHET et B9 7} dot B oAy

10

o AYE dutd o R A gA)7)7] ol R g ik
RS e R §F A7 B Ao E AR Hh

AEA 07 AAG el 3k FuFIsH(pattern
dynamics) & &oli7] st F4 whHoeR Aad W

1-‘11—-10

¢

W FollA AlAGe] tist 241 Fu] A9l &g
& 1 Rt Ak J o] (variability) £} % (fluc-
tuation) = 033]—— FElE I, I £ §95E 7}

Ak 22lan gko® FeaMddel] vehhs 574 54 e
ok o] 9= siE f1E vt dow o dedt
O *Mﬂﬂr Olﬂ to] nldga e
WEREe] Wah S48 v weA AAzke s Aktsl]

B€ ot 958 ATE 508 A, odl £
BUE Sojel A GRSl BB
S AN @ﬂ%@ % glebal @A) Azt o

T del 2 o] = Aotk

Korean Circulation J 2004;34(10):953-962



H

[=]
2 AFelME A, T2 R-R 1124 Aol mje} Al
ALE Adste] #Asks Fo3) s (¢
I, m, IV) =} ¢2ie] R—-R 77 dlolE] 3] sl
g} fgslels duEls(@aEs )& AMEste] A
A EA 2 1213Ee] R-R 714 dlolE 9} HAihAlE
o] o] Gli= 774t tlxrollA 22 Al R—-R
7H4 glo]e]e] #M3}E Shannon entropy (SE) 2} Renyi
entropy (RE) & ©o]&3to] geslato] 24 v|wasir.
BE $AbellA] 24A17F Holter HHEE A48l 0
24717 B AR T A AlEe] o] 7155
3718 A Agle] gl 1799 =] AiAllE 3

2 g A
gl Aol dAIehs et 1779 thaat &
A

2 8 oy

¥

o5

2
=
)
il
H
1=
=
i
>~
o
ol
)
M
g
ol
@
tlo
ol
g P
Lo
[

— o

il

A9k B3] LagE 1, Mo 49 o dag
el 13l &2 FA5F Hol= A|57}F ggkon,
25 IolA ¢=4% 9 Renyi entropyt p<0.001°]
o] FYEE ok T ¢uEE [E AR
o= 258 H2M AAlE SAtelA] iz Er)
AERT ] MEE W3 = Atk T8, ¢
0, mel 4 438 #404(1,1,1) F971 22t
I AE SApHET daegtell A oF 269 &2 Ty
EE R, SEE VE ARE A9 3 A A
[

AlE @Al trnn oF 1.5We] & REE B

o TN

L
Kl

ol
-

HiE o

A

> o\ rlo
o,

e

& d
oZ

H

BN HOp 1 mgEIst; Aut  AALE

REFERENCES

1) Makikallio TH, Koistinen J, Jordaens L, Tulppo MP, Wood N,
Golosarsky B, Peng CK, Goldberger AL, Huikuri HV. Heart
rate dynamics before spontaneous onset of ventricular fibril-
lation in patients with healed myocardial infarcts. Am J
Cardiol 1999;83:880-4.

2) Makikallio TH, Seppanen T, Airaksinen KE, Koistinen J,
Tulppo MP, Peng CK, Goldberger AL, Huikuri HV. Dynamic
analysis of heart rate may predict subsequent ventricular
tachycardia after myocardial infarction, Am J Cardiol 1997;
80:779-83.

3) Absil PA, Sepulchre R, Bilge A, Gerard P. Nonlinear analysis
of cardiac rhythm fluctuations using DFA method. Physica A
1999;272:235-44.

4) Andresen D, Bruggemann T. Heart rate variability preceding
onset of atrial fibrillation. J Cardiovasc Electrophysiol 1998;
9:526-9.

5) Huang JL, Wen ZC, Lee WL, Chang MS, Chen SA. Changes
of autonomic tone before the onset of paroxysmal atrial fibri-
llation. Int J Cardiol 1998;66:275-83.

6) Hnatkova K, Waktare JE, Murgatroyd FD, Guo X, Baiyan X,
Camm AlJ, Malik M. Analysis of the cardiac rhythm preceding
episodes of paroxysmal atrial fibrillation. Am Heart J 1998;
135:1010-9.

7) Herweg B, Dalal P, Nagy B, Schweitzer P. Power spectral
analysis of heart period variability of preceding sinus rhythm
before initiation of paroxysmal atrial fibrillation. Am J Car-
diol 1998;82:869-74.

8) Fioranelli M, Piccoli M, Mileto GM, Spreccia F, Azzolini P,
Risa MP, Francardelli RL, Venturini E, Puglisi A. Analysis of
heart rate variability five minutes before the onset of paroxy-
smal atrial fibrillation. Pacing Clin Electrophysiol 1999;22:
743-9.

9) Sasabe N, Saitoh H, Miyauchi Y, Nomura A, Osaka M, Ino
T, Atarashi H, Katoh T. Role of the autonomic nerve in the
genesis of atrial fibrillation evaluated by heart rate variabi-
lity spectral anaysis. Circulation 1993,881-18.

10) van den Berg MP, Haaksma J, Brouwer J, Crijins HJ, Lie KI.
Analysis of heart rate variability in a patient with paroxysmal
atrial fibrillation. Eur Heart J 1995,16:2011-2.

11) Graben P, Saddy JD, Schlesewsky M, Kurths J. Symbolic
dynamics of event-related brain potentials. Phys Rev E Stat
Phys Plasmas Fluids Relat Interdiscip Topics 2000;62:5518-41.

12) Eguia MC, Rabinovich MI, Abarbanel HD. Information trans-
mission and recovery in neural communications channels.
Phys Rev E Stat Phys Plasmas Fluids Relat Interdiscip Topics
2000;62:7111-22.

13) Tang XZ, Tracy ER, Boozer AD, de Brauw A, Brown R.
Symbol sequence statistics in noisy chaotic signal reconstruc-
tion, Phys Rev E Stat Phys Plasmas Fluids Relat Interdiscip
Topics 1995;51:3871-89.

14) Lehrman M, Rechester AB. Symbolic analysis of chaotic sig-
nals and turbulent fluctuations. Phys Rev Lett 1997,78:54-7.

15) Voss H, Kurths J. Test for nonlinear dynamics behavior in
symbol sequence. Phys Rev E 1998,58:1155-8.

16) Hao BL. Symbolic dynamics and characterization of comple-
xity. Physica D 1991;51:161-76.

961



17) Kobayashi M, Musha T. 1/ fluctuation of heart beat period.
IEEE Trans Biomed Eng 1982;29:456-7.

18) Babloyantz A, Destexhe A. Is the normal heart a periodic
oscillator? Biol Cybern 1988,58:203-11.

19) Wessel N, Voss A, Kurths J, Witt A, Osterziel KJ. 24-hour
heart rate variability analysis based on new methods of non-
linear dynamics. Comput Cardiol 1995, 693-6.

20) Kurths J, Voss A, Saparin P, Witt A, Kleiner HJ, Wessel N.

Quantitative analysis of heart rate variability. Chaos 1995;
5:88-94.

21) Wessel N, Ziehmanm C, Kurths J, Meyerfeldt U, Schirdewan
A, Voss A. Short-term forecasting of life-threatening cardiac
arrhythmias based on symbolic dynamics and finite-time
growth rates. Phys Rev E Stat Phys Plasmas Fluids Relat
Interdiscip Topics 2000,61:733-9.

22) Yeragani VK, Nadella R, Hinze B, Yeragani S, Jampala VC.
Nonlinear measures of heart period variability: decreased
measures of symbolic dynamics in patients with panic disor-

962

der. Depress Anxiety 2000,12:67-77.

23) Voss A, Kurths J, Kleiner HJ, Witt A, Wessel N, Saparin P,
Osterziel KJ, Schurath R, Dietz R. The application of methods
of nonlinear dynamics for the improved and predictive recog-
nition of patients threatened by sudden cardiac death. Car-
diovasc Res 1996,31:419-33.

24) Vikman S, Makikallio TH, Yli-Mayry S, Pikkujamsa S,
Koivisto AM, Reinikainen P, Airaksinen KE, Huikuri HV.
Altered complexity and correlation properties of R-R interval
dynamics before the spontaneous onset of paroxysmal atrial
fibrillation. Circulation 1999;100:2079-84.

25) Hogue CW Jr, Domitrovich PP, Stein PK, Despotis GD, Re L,
Schuessler RB, Kleiger RE, Rottman JN. RR interval dyna-
mics before atrial fibrillation in patients after coronary artery
bypass graft surgery. Circulation 1998,98:429-34.

26) Palazzolo JA, Estafanous FG, Murray PA. Entropy measures
of heart rate variation in conscious dogs. Am J Physiol
1998:274:H1099-105.

Korean Circulation J 2004;34(10):953-962




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


