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Abstract

Unsatisfied results of return of spontaneous circulation (ROSC) estimates were caused by the fact that the predictability of the predictors was
insufficient. This unmet estimate of the predictors may be affected by transitional events due to behaviors which occur during
cardiopulmonary resuscitation (CPR). We thus hypothesized that the discrepancy of ROSC estimates found in statistical characteristics due
to transitional CPR events, may affect the performance of the predictors, and that the performance of the classifier dichotomizing between
ROSC and No-ROSC might be different during CPR. In a canine model (n=18) of prolonged ventricular fibrillation (VF), standard CPR was
provided with administration of two doses of epinephrine O min or 3 min later of the onset of CPR. For the analysis of the likelihood of a
successful defibrillation during CPR, Support Vector Classification was adopted to evaluate statistical peculiarity combining time and
frequency based predictors: median frequency, frequency band-limited power spectrum, mean segment amplitude, and zero crossing rates.
The worst predictable period showed below about 1 min after the onset of CPR, and the best predictable period could be observed from about
1.5 min later of the administering epinephrine through 2.0-2.2 min. As hypothesized, the discrepancy of statistical characteristics of the
predictors was reflected in the differences of the classification performance during CPR. These results represent a major improvement in
defibrillation prediction can be achieved by a specific timing of the analysis, as a change in CPR transition.

Key words : ventricular fibrillation; cardiopulmonary resuscitation (CPRY): retum of spontaneous circulation (ROSC); support vector dlassification (SVC)
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Fig. 3. Episode of canceling noise amplitude of the VF ECG waveform; Red boxes indicate data period excluded from the calculation of MSA.

ophasic defibrillator, Hewlett Packard, USA)E A}-&-3l] A7
A AMTE ST A7) H ANEL H2 2 IKez APl e
], A MF HA gom o]Fol=4 J/KgZ ATt AAlE &
ATl A& SA] AA T2 ST A F-L 337
A vt Algatg om, 389 A FAE AAF HA e ¢
o= AAET A= ddstgh. AHEA vlek ROSC 23S
ECG HloJE| & 7[Rt 2 HALslAo AAE 33 /5E Ftatl
o}k €& ROSC 423 -2t &4 243 o] 32 A4 4
AE o] FA12 Z-Foll AT ROSC 438 Aoz 7H¢
st

C.qeolg &3

A doly =3 A 482l PowerLab2: £3}] 400Hz
of MEYE 7|V 2 gl A HEuedat 31 o
Absteta 9 ECG 332 S 3tu AR A A4 72K F
3A1Zhel thalA] o] ZE AelE dol"HE AAstaou, vlol
B 242 AAAE 3 ERE ANE A7) 1083 O
AT dlolg EMsGT B3 RG22 Am A&7 4
471, & ol #7t Bt EAE e e T A Ak
A A2 A 4hE 7] wfj o] 222 A e 13168 FUT
0] 7}s3ith. §hdol ECG Hlolel & A T3l AlS7bs8t
o, 5327t G 2 Hole] A& e Hio] e AF s, 3
o] A2 E(Segment) 2 A l3lATh &, shibe] MaHEE
2000712] Blo]E1(400 Hz AZ% * 5 sec) 2 TAH AT LutH
o2 Fug BN 22 mHQ MM Hr} 2L A7HE A

24)(temporal continuity)S 233}17) YJsta, Ztzte] AW E
£ AAs= A 2HES) 80%(4 sec)2) B &2 ZHHA T A8t
Ao} HFA o2 shtol A¥d A 2R E A 108 4% EH600
N NIHEES F23150h

Il dEMS A= olofE 24 WY

AN HE detng 24

B 73 71 % (Mean Segment Amplitude: MSA)2 1<)
AR E EA S I HEL Hagto = P oAt WA Axz
HFH o2 A7) N adEH dolHe AdaeA] BAse A
Fa 9] TS AA] Y38t Linear trend& <3 3T}
o] & MSAE T317] $13led kel 9= gk(Positive Peak: PP) 3}
<9 9= F(Negative Peak: NP)S Falof gt} 93 gt A& S
Aoled NZE 0BG & o7 T Loz FHFo] 0o] HE
AR S A&l ste A3 99 93 e deiFe o
3 A% 58 AAS, £,,(s, conditional ezpression)
o= YAt} YellA 002 £ e - PPEX, S04 02
2 U A NPEX FAdT) s & FAE = A3 72t Hlo]
Elolal, “conditional expression”= A& HA9] 244
olm, Z7iol| upe} A& = T AEc] A A2IAT A
A=At o] F, F2E EE PPS NP Alo]9] I E-& A1kl ¢
Al(temporary) MSAQI MSA4,,,,, 2 A el gk o3 o] f=
g 394 Bole A3 2 Ad e HrhE e vA g o]
ANEE AAB7] HaiAelth. o8 @ vl o] 2 FEEL O

BN Mo

Vol 28 | August, 2007 559



Analysis of the Likelihood of Successful Defibrillation as a Change of Cardiopulmonary Resuscitation Transition using Support Vector Machine

0.16

T max (@nar) = 0.156

¥ Y T U

0.155F

0.145F

0.14}

((»)2) sojoYy UOlLIODDS

0.135p

O NAT = 0.1

013

1 H
0 0.05 0.1 0.15

0.2 0.25 0.3 0.35 0.4

Noise Amplitude Threshold Coefficient (« )

38 4. o= TE BER| Al o0l HEH AT 22

22 TAEL

Fig. 4. Plot of separation rates as a function of noise amplitude threshold (NAT) coefficient, a..

AA7F FAE F QS 2R AT 283 o] K2 A IHES
BEAEZ AN AT T Y2 S F B2 AYAT=
Frgo] d sttt o]2jdt ol 2 &S A& AT FEA A
e Hstd aysr e HUl F2]&(Separation Rates),
ag (@), T 7O 2 ALSH o] 2 A BB AFE A o5}
ok dEdelE X7t oAFY gty Y o, S
X,= fla)9] 59 2& ), Ho) Belee F1sher-4 Ay
#4(Linear Discriminant Analysis)ollA] #=% 2)(1)°)] £Js)A]

T

AR,
_ det S|

S,9S, = Z+7te] ROSC1E3 No-ROSC1E¢] between-
class scatter matrix9} within-class scatter matrixZ 2|v]3lt}.
ZF aEe it ARAGE Bl &2 AXNA Ha, w2 7k 1
E9 4 E(scatter)7t ARH 2] &2 zholx|A Aot B AF
ol Al2E Ho|HE 7|ute g 23 H oAl gl uE 22
< 38 49 Zo] YeholAH, Ad A0 2 oy, - 0.1Y 7}
22 &S B 2oz AZ A A FH & 2(2)8 2
Hgoz FHAA Aot oy p* NSA,,p,, BT % %1%

(Ap— )& BE3hE PP} NPE HE3)0] 4842 MSAS
T8 & 7}7}o] NP, PP9] /)45 731 NUM JT% s At
He 33ES A £ Zpzke] g Iax|H el tigh 2 Z9] 3ol o)
g H & Aele] Ad A0 MSAE FEtct

560 | J. Biomed. Eng. Res.

[peakpos, peakneg] = foa(s,NAT * MSAtemy< A, _ )

N=(NUM(pealkpes) + NUM(peakses)
NUM(s) : count the number of signal

9 N/2—-1
MSA=— S | Peakyos;—Peakyeg: | +

i=1

2
| Peakysivi —Peakyeg,; |

% WA}-E(zero-crossing rate)S Al 5o wle} H3lsl= 08-S
WABHE %] ¥]&2 YT, A7t Sl A Wskshe 4139
3L 27 A A frEE 2718 A 5o] A (activity) 2 2
i 4 QU

7-1
ZCR=— ¥ P{S,5, 1< 0} 3)
t=10

H(3)3 2ol FAT F 3lom, THo|2] 435 S
mﬂd@f1%%#‘“%44€ﬁﬂumﬂ%L4H@0%
MBI Y42 FYHo] gon, Agss 23 e Belz
(se0)°l The BH7719) Lol 2 hre} GmAHe S AAeIAT,

Zuas 48 ooy 22

WHet F94E o] stal, EOG A5 25 EY 24 of
Aol WA 2] ol 7R WA A7 % o) shaolE) 223}

<t
A 2 AE LA HAstE B AlAE A3 linear
trend—a— TYSBEPE‘r 2HEY FAE B3 AT AAATY F
9 Zukd= U3 Eo] [5Hz 1] 3o %E%PE}E_ dTE AnE %



814 3-18Hz9] Chebyshev EtY] 12 HE 57 ZHE S35l ¥
BTt o] F, ~HEY FAE Aot ASTEE EH AR
3he P Wrm Hstd £ B4 33 ghs dojuirl
ol S e LAE Y F5id ol 2 gz <
H 42 A Fsle Welche] H#3le 712 2 =13 (Averaged
periodgram)[15]%4H 2 B3] ~HEH 4% g9t 9=¢
Aol 1024, 50%2] HE 7 AH s

R 1 K=1|&z2 2
P(f)= —[‘(L—U ,;0 ngow(n)z (n-i-iD)e— 2nfn (4)

99 A (@elM & F %ol K & ¢ Zdololv, L& 73 2
ojola, U HZA o2 vfoloj~ 5] gk Flg)ex o] 3
3 o HoE e 34 #eolx, DE e e 435k
offset pointE o|n| it} giek Do} Lo} Z2uhd F3 L 1alekA]
%eth w(n)e A=$ Feola, oM AFE npe} 2o) 27
o FEHo| MBE = AT 5L H e 7] W o E7AQ o]
2z = E3A g3t dviet a7 AU E
o B2 Fopr RS bl e EHEA oA 42
G2 AERL L 52 RE AHERS 71EA A gL
2o S4 x X fGor FoHm A (59 o] £, fie
3~18Hz T3toll tste] Aldd Tt

[ 5(0) a1
MF=—2 )
p (f)df
fi
PlBo R I Te F34 e SefulEd) ENRGE Bt
3 'S Fub 17he] Sl A e o2 Folw 3, 2(5)
A AR Aoz dojd o 9l on, 3~18Hz Alo] Fui
Gl thste] 7oA

C AZE ¥g sjAg o] 43 dojg £4
SAAR] Walo 78k F BF AAR k] gt o F
(Generalization Error)7} $8 MXE #E £%F (Support
Vector Classification: SVC) &= 4] (6)3 2] F o5& Ad g+
& AHg-ste Eglold HlolE 9 A2 48 E F dolee fAl®
& &9t

K(xi,a:j)s ¢($,)T¢($,) (6)

ALTTE ¢71A & ol 83t 18 Holele At &
& 2499 feature FZHOZ Edo]yd Blo|ElE WP 2, BF
E 98 vl Z-& Ao 2 2k B2l hyperplaned A7
t}. H| = Mercer®] ©| &[16]°l wte} %%t A E(semi-positive

Seung-Jin Jang, Sung-Oh Hwang, Hyun-Sook Lee, Young-Ro Yoon

definite symmetric) &+& &3t B& A 0] EA413}
o, g A o] Mo me} &7 Aol Aoladx g, o
WAl 7§ 98 7]+ 3<~(Radial Basis Function)Z 7|#0 &
gAY e Yz ez FEAA A g2 Ag9E = 3o
Z, 98 A9 BEnH & 2t B 2 45 Hole Be 49
714 el EAEA R, o2’ 714 ol B} I 4
S(over-fitting) 1A 2 F&-& oA ¥, Wt ks o F
£ 2ol & FE gt 282 B A7 E 2(6)7} 2] o}
E A F A9 glo] (C V)T 79| gerel & e 9 7]
& 2 ROSC 27 52 93 A% SVC #7714 24319
th. C & SVC 7153 WE 9] 33t 3h-& AoIst7] 3 loss T
oli, I & 943 7|F 5o v S AP
Kz, z;) = exp(— V| z,— =z, %), >0 )
SRR, ditdoz SVC £#/719 %0l ThE learning
machines Bt} Hojutm gutsl o {7 2 A sl= A5 AR
BE[17], C% re 943 71€ & Ad ZddA ol 45 7Y
g gte|goln, w3 ARE 9 rag& e 49 Ao A%
& Edold BY S 2&sA HEE Hrl 383 Edlo]d &
T2 87 A5t 2209 VAT e Pl AL u$ 28
g dolt}. 2, B Aol E AAY (C r) e A
7] $13 54 © 2 learning set& EY 3 Aol 25 2t v(=5)711 2]
el o2 Ui T v-1719] subsetsEdl] o3 THH BH7 S
7HA 2 Fol = shle] subsetdl] Bl 2Est 71 2o 4
Rolx 2d-& A8 3}l v-fold cross-validation HHE-& o] &
o} o] WS AHEgte 24 B A FA S A 8ta, Edlo
o 3R] 2 glo]E 9] BFHo) U3t 52 £ o g A2

=8
©

}
]

0

o
ol ¥8 wlo

Yy

U7 BTk, el a8 RS AHEE Sl 9l

3 5
ESVC 27719
(C, V)TelulE A8 Grid search& ©]-&-8}o S

A g e
dr chr EHeEgch ce 270274, L 2 Wz

2275 974 . 25 M oA AMslglon, non-separable
EF7719] £8 2402 0.0019] 3]-& Z-(tolerance criteria)<
A sdch

Eg ALEAR] Aol A E o ol A 13 47EA] 918 ghetu]E
o] 2] W7t B g2, A g o3t A3 g o|2g
feature HH E2] Aol 2]3) 3 wr]| W&ol HEslA 2 22}
9] EA| e 22 A $AE Zhe deulE Ry & £33 S
zhe= gieto|eld) o) X|uld o2 SVCe] 715A7F 2R E e A
< W] Asle] RE feature 2 [-1, +1]8] L3 43 $HAS
ZL 2 ~A Ay EATh

=

<

y3 2

}

AA 18vie]e] A F 8 wilo] A&7 o] ROSC Avj3t vt
Holl, 10 vl2le} A3zo] A ez 243t

o

B

Vol 28 | August, 2007 561



Analysis of the Likelihood of Successful Defibrillation as a Change of Cardiopulmonary Resuscitation Transition using Support Vector Machine

65 b

& Sre R
55 o )s Wﬁ%&“ il Hﬁﬂ%" I Wm}ﬁ%mm
mﬁﬁﬁ? 1kl g lml “ 1,Im| il ,1 ,”m.uﬂm n, iy
S0 il Hlu"mn Tﬁ% If@n i “" '1 '“ ("d' ’i'“"{ It Al
5 c ||||||lI l H H “'“'“1; M it M‘Hﬂi‘ ‘uuu"\ll"m ”I"I[lul'i IHI llul e |,|lnlu\| ,m”“mwwll\<|||Ilw|mlm
20 il u"'m“'\"""‘"V'””'"""“‘ I“mﬂmll f n Imlu | n,m|u|mlum
| I (1" Tt ettt st N ROSC

% |!| [Ihmmh

mnllﬂﬂ

r|1ll"f"

N
[=R¢]
I

No—ROSC

(BHWW) @Inssald / 'S yim anssaid uoisnygad AIDUoIoD
[
[=]

6.5 7 7.5 8 8.5 9 9.5 10
time (min)

285 ROSC a&o| 2ol e MA| A8 77H Sote| €7 s ARYUYS TAIRE EEHRNE WEA S 9I510] o] 3t =02 I8
Fig. 5. Plot of average CPP with S.D. during total experiment in classification of the ROSC group. Standard deviations are shown in one direction only for clarity.

A. CPR 5 ¢ 9] featureo] |3t 43 H7} 9 W AR FX € CPR 27]9 v Ashs S3iv)
a3 504 B 4 9)5o] AR BEe s g s 7k AT FE WA Bgle] A fAE S A 59l
B2 279 4 9tk CPR A2 %k 102743 $ROSC 189 % Th A5 2 ER AdAlE 2719 1027454 714 54 &4
Azl el 3071 oF 15 102 AWR] F23) Aoale] o] T BFEO TS ¢ F ik ole A E8A Bl 114 3
Tz AAH 02 A5eHS B 4 gl whslol, No-ROSC 1 Eddog 2 Aol olz|gt A2 LA FHoto] Y

_15:

E1. ROSC :LET'-}NO-ROSC 5 Alol2] Zt2te| mi2lale{ Sofl 5| 242 2l st Welchel t ZA El|o|& Z2) CPRO|M FZH2 ®[ 2|5t 0.5 22 £
Z BEHR|e 8 antp SHRIE 7]H.
Table 1. Welch s ttest table evaluating differences in each parameters between ROSC and No-ROSC group. Each mean with S.D and statistics p value were stated
according to the interval of 0.5 min except pre CPR period.

) MF ENRG MSA ZCR CPP

Time

(min) ROSC No-ROSC p ROSC No-ROSC p ROSC No—-ROSC p ROSC No-ROSC p ROSC  No—-ROSC p
0-40 7.77+269 7.98%271  .015.070+.071 .103+.133 < .001 .173+£.090 .184%.128 002 22.14+8.9519.27+6.13 < .001 N/A N/A N/A

40-45 66686 7.28%.1.18 < .001 .031+.025 .043+.066 007 .133%.073 .081:.061 < .00118.22+.8.28 14.68+4.16 < 001 9.83+8.89 4.94+6.68 < .001

45-50 7.73+.1.77 751+206 .204 .031+.025 .047t.074 .002 .130+.066 .089+.073 < .001 17.56+9.0613.58+.525 < .00

22,80+15.27 8.75+6.36 < .001

5.0-55 8.97£2.17 7.83+248 < .001 .026+.015 .074+.094 < .001 .135%.065 .122+.165  .261 18.848.94 14.69+6.32 < .001 36.11+15.97 9.98+7.33 < .001
55-6.01092+2.38 7.84%1.68 < .001 .039+.024 .092+.137 < .001 .164+.062 .129+.183  .00520.32+8.82 14.88+5.79 < .001 38.37+13.87 9.61+7.75 < .001
60-6511.38%242 8.18%1.79 < .001 .066+.052 .087+.134 022 .199+.082 .129%.176 < .001 21.10+7.46 15.6846.38 < .001 39.17+11.45 8.38%7.17 < .001
65-7.010.722.31 871£239 < .001 .091+.064 .059+.079 < .001 .233+.112 .124%.150 < .001 21.94+595 15.67+6.23 < .001 39.56+10.77 8.18%6.78 < .001

7.0-7.510.80£2.43 9.00+£2.96 < .001 .107£.073 .045+.057 < .001 .255%.126 .127+.153 < .001 22.18%5.54 16.89+7.60 < .001 41.56+12.75 8.57+6.04 < .001

7.5-8.010.8912.56 9.31+2.57 < .001 .113£.081 .058%.090 < .001 .254+.122 .138%.169 < .001 21.46%6.0517.17£7.15 < 001 42.49+13.27 8.07%6.25 < .001

8.0-8.511.042277 9.56+259 < 001 .111£.072 .078+.144  .001 .251.116 .154+.207 < .001 21.40%6.51 17.41£7.35 < 001 44.84+13.99 8.17+6.41 < .001

85-9.010.93%2.84 9.34+2658 < .001 .115+.075 .073+.124 < 001 .258+.115 .147%.178 < .001 22.45+7.61 17.12+6.38 < .001 44711323 8.1916.04 < .001

9.0-9.510.50£2.99 9.08+258 < .001 134%,103 .079+.159 < .00 .251%.112 .149+.187 < .001 20.02%9.56 16.49+£6.24 < .00

42.38+14.63 7.29+£.5.80 < .001

9.5-10.010.60+.2.95 9.13%2.61 < .001 .133£.123 .068+.105 < .001 .264+.135 .142%.175 < .00119.42+.9.77 13.95+9.14 < 001 43.35+17.99 7.79+559 < .001
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Table 2. Outcome table of classification performance in specially partitioned periods.

Overall Accuracy Sensitivity Specificity Kappa
periods
mean max min mean max min mean max min mean max min
Upper
performance  87.29+.55 87.92+1.33 86.3611.86 97.85+.6098.43+1.88 96.62+3.02 75.91+£2.64 81.06+2.50 73.20+3.12 .745%.012 .761+.027 .727+.036
period
Lower
performance 66.47+1.04 68.35+2.47 64.91+2.24 81.16+3.79 84.27+6.41 72.13+7.97 40.57+£572 62.19+4.88 4553+4.12 .326+.023 .373+.050 .298+.046
period
Overall CPR
period 71.69+.23 72.25%.89 71.36%1.25 86.64+2.19 88.22+2.47 81.57+1.89 54.67 £5.14 65.76+2.01 5135x1.95 .431+.010 .451£.019 .423+.22
Overall CPR

period except 71.791.28 72.49%.97 71.52+1.42 86.64%1.58 87.70£1.73 77.1411.91 55.38+4.30 69.49+2.01 51.60+1.94 .433+.012 .463%.021 .426+.023
initial stage
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