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A Prediction of Coronary Perfusion Pressure Using the Extracted Parameter From
Ventricular Fibrillation ECG Wave
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Abstract — Coronary Perfusion Pressure(CPP) is known for the most important parameter related to the Return
of Spontaneous Circulation(ROSC), however, clinically measuring CPP is difficult either invasive or non-—invaisive
method. In this paper, we analyze the correlation between the extracted parameter from VF ECG wave and the
CPP with the statistical method, and predict CPP value using the extracted parameters within significance level.
the extracted parameters are median frequency (MF), peak frequency(PF), average segment amplitude(ASA),
MSA (maximum segment amplitude). Two parameters, MF, and ASA are selected in order to predict CPP value
with general regression neural network, and then we evaluated the agreement statistics between the simulated
CPP and the measured CPP. In conclusion, the mean and variance of the difference between the simulated CPP
and the measured CPP are 8.9716%1.3526 mmHg, and standard deviation 6.4815 mmHg with one hundred—times
training and test results. the simulated CPP and the measured CPP are agreed with the overall accuracy 90.68%
and kappa coefficient 81.14% as a discriminant parameter of ROSC.
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Table 2 The t—test resuit of the parameters
extracted from VF ECG wave and CPP as an
available discriminant parameter in B period
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Table 3 The t—test result of the parameters
extracted from VF ECG wave and CPP as an
availabie discriminant parameter in C period
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Table 4 The t—test result of the parameters
extracted from VF ECG wave and CPP as an
available discriminant parameter in D period

= n 17
Para | lass | mean | stdev F p | HaEa IEEZ},Q,S% ;Hl{
meter lowest limit| upper )Amnr
ROSC | 33.485|10.604 :
CppP 56.747| .000{ 24.357| 20.164| 28.551"
Non-ROSC|  9.127| 6.847 X
ROSC} 2107 .511 i
MF 59.8231 .000 971 765¢ 1.178.
Non-ROSC|  1.135| .357 !
ROSC 2.486| .605 :
PF 64.150| .000 126 999| 1.505
Non-ROSC| 1.234| .473
ROSC 3.618} 3.363
ASA 38.464} .001] 2.179 991| 3.367
Non-ROSC|  1.439| .921
ROSC| 3.073] 2.122
MSA 52.808) .001| 1.387 569 2.205,
Non-ROSC|  1.685; 1.225 :
2
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B 5 EZt MM E AdE &£ m2tn|E{et CPPY
e 58 HAAME AT t-test ZMR

Table 5§ The t—test result of the parameters extracted
from VF ECG wave and CPP as an available
discriminant parameter in E period

- T T
Para | lass | mean | stdev F p | B&# %ﬂz},gé% EHIL
meter lowest limit| upper limit

ROSC | 38.055[11.008
CPP 52.202( .000] 28.492| 24.266| 32.718
Non-ROSC| 9.563| 6.239
ROSC| 2.103] .444
MF 58.597| .000| .913 735 1.091
Non-ROSC| 1.189| .301
ROSC 2.505| .619
PF 59.682( .0001 .124 924| 1.424
Non-ROSC| 1.330] .431
ROSC 3.637{ 4.008
ASA 40.389| .010] 1.905 473 3.337
Non-ROSC| 1.732} 1.314
ROSC | 3.360f 2.600
MSA 56.028| .006] .510 427 2474
Non-ROSC| 1.909] 1.646
X 2~5 oA & F IR0l AA FhoA #wl ok %
zte] 77kel4 CPP, MF, PF: SAX02 498 setle
& HAL & RO, ASAH MSAY AF CFLAA p

205> a,p=.919> ¢ : o = 00522 EAHCE
T"r«la}xl a2 FeErEds & & ok AA FLAA ZF
zte] BelulgEe] FAZ o2 ROSC ©4 7M58 v g
22X F9sxT B, C, D, E Z4e 33l 28 Al
HESY FAA 4do] At wt ¥FgTE Ho|BE A
RHoz RSt Z+ FHo FAF ¥ FYHE M=
ol utgA sjr}.

ROSC
Non ROSC

8
T

8
T

Cornary Perusian Prassurs (mrbig)

15 2 EX
Median Froquency Rsuo

38 10 B*7to A Q] MF, CPP MEX
Fig. 10 MF and CPP scatter diagram in B period
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Fig. 11 MF and CPP scatter diagram in C period
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Non-ROSC Z2&3 ROSC 1§ Abolel CPPs} MF fietr]
H #Eo] EAs: FHE Holtrt 1i dIv=Yd FY
(04:00) ol w2 opEztgo FPo] Hole CFIE olFofE
ROSCE9 CPPY MF siElvulg) ztol A3 A5sA o
9, 24 odvlzd T4 F(07:00) EFFAA ROSC 75
3 2§ MIHECA MFe CPP7F Non—-ROSC 19
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Fig. 14 CPP Boxplot with ROSC/Non—ROSC in E period

E:3 7 CPPE 25 E #ZH0IM 2 Non—ROSCIAEM
ROSC 1&2 7|12 SAHR

Table 7 Comparison of Non—ROSC and ROSC group's
primary statistics separated by CPP in E period

H 2 95%
2§ | 37 A g3t A [ Hag | Adg
aa | A
ROSC 38.055| 34.274] 41.8371121.197| 25.117| 68.702
Non—ROSC| 11.898] 9.292] 14.505] 75.266] 1.207| 29.060

O 149 § 79049 gol CPPE F2% ROSC wd
galugd L o 4 itk CPP melvlgwte kX2 ROSC
2§37 Non—-ROSC 1§& R3S 4 479 18 o
o HEe BEshA Aolsts & 712 Non—ROSC dHlolHE
A3 CPP = 24.214~25.0829 #AAMeg z=
ROSC 1§& #¥& & & Sith

E:3 8 Zt ;t7iH CPPS} AN E HEE FE
oieto|E S22 AEA 4 Hl

Table 8 Comparison of correlation coefficient
between CPP and parameters extracted from
VF ECG in each periods

B 6 FzHd 2 Azl Z3HLDA) B Period
Table 6 Length between classes in each period(LDA) with CPP MF PF ASA[ MSA
A Correlation Coef.| .387 .222 .391 .195
LDA T3k B#zH | C7#Z | DX | E3E
Tt p .000] .028] .000} .051
LDA C Period
| 0.267 [ 0.108 | 0.210{ 0.544 | 1.215
TAAZ A with CPP MF PF ASA| MSA
Correlation Coef. 774 737 227 .024
°lg LDA W¥o2 ¥A% A% E 63 Yol LDAZ ¥ 2 L 0l el A
=4 _ =5 &7 zpo) 7} EF7ho) A erio
TZISI\;‘?;} Z}lzgscg i]l)“'i’; ngc = %k; ;;_L]q} ET ;2}21 with CPP MF | PF | ASA| MSA
: s omE A T Correlation Coef.| 839 | .841| .312| .229
o] HEN A ETZHA olFe 7313 wlwsd CPP% o 000| .000| .003| .024
MF7} 323 ROSC #d 7I5 HevjHzHd 83 & 3 E Period
=& AFE 7 4k with CPP MF PF ASA MSA
a8 Aol AFE niel Zo] AA PAAE A Correlation Coef.] .883| .821 2751 203
old o] CPPE =3l Ao] 357 w&o CPPE & p .000] .000} .008]| .058
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Table 8 Comparison of multiple linear regression
analysis in each period
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:: 3 11 ol 538t CPP2t EF Tt CPPL XI0f H|m (¥ B
S0l stLtel ME olojH)

Table 11 Comparison of difference between simulated
CPP and measured CPP (one sample data

Multiple Linear Regression Analysis among one hundred turns)
Period Adgszted F F(p) | MF(p) | PF(p) | ASA(p) | simulated measured|d.ff ol

‘ CPP CPP irierence simuiate measure
B |[.238| 6.766|.000| .003| .749) .002: 18.646 4.828] 13.818] Non—ROSC[Non—ROSC
- 21.967 6.808 15.159 { Non—ROSC|Non—-ROSC

C .663 [37.394 | .000 .000 | .305 .OOSi 39.828 38.028 1.800 ROSC ROSC
; 27.083 34.938 7.855 ROSC ROSC
E .808 | 79.040 | .000 L0001 .505 019 ¢ 22.000 10.243 11.757 | Non—ROSC{Non—ROSC
3 18.764 4,597 14.167 | Non—ROSC|Non—ROSC

18.498 5.090 13.408 [ Non—ROSC|Non—ROSC

o33t VF AAE F& nelvlelE2%E CPP #& 9= 19.470| 16.118 3.352 | Non—ROSC|Non—ROSC
&7 93t CPP wetulHet VF AAE 22 velulg 27.656| 25.118| 2538 ROSC|Non—ROSC
MF, PF, ASA, MSAE Zl.gl )g-yd.y&ﬁ]% p:4 80“;\1 @ag}ﬁ 18.866 12.408 6.458 | Non—ROSC|Non—ROSC
o BFeIAL ASA Stebeleish CPPSH 3919 duAs | LoAT4l 28871 12.587) Non-ROSCMon-ROSC
22.567 10.993 11.574 | Non—ROSC|Non—ROSC
o2 AY 2 AUVAS KA AR 429 AvolH 15502] 13.845|  1.657 | Non—ROSC|Non—ROSC
¢} CPPZYell 84L& Ho)x £33t wid, CFtolA = MFS 25:689 39:288 13.599 ROSC ROSC
PF7} 7743 73724 45393 D, EFTAAE MF 27990 25480 2510 ROSC ROSC
.839(D+7b), .883(ET3ZH, PF : .841(D+7hH, .821(E+ 15.364 1.305 14.059 [ Non—ROSC|Non—ROSC
H) 8 Zo] Azre] g mwet 4 e AFBAE Bol 44.228 48.940 4.712 ROSC ROSC
T gt ASAE MF, PP nlsias B A@AHL BolA 21.798 2.483| 19.315| Non—ROSC|Non—ROSC
L axu EAH o So¥ve sevge FEste go 23.810§ 21.520 2.290 | Non—ROSC|Non—ROSC
29 9= APIARMYGAN MF, PP &7 A9 13.571 3.153 10.418 | Non—ROSC{Non—ROSC
2 MSAL CPPSHS] B4l @ F7te] @A FAHoz 14662 1.208]| 13.454 | Non—ROSC|Non—ROSC
el : eret ™ - 17.425 5.095| 12.330| Non—ROSC|Non—-ROSC
#28 ws FAFE Bo)A E3te CPPa Y 4373 lA 275471 37587 10.040 ROSC ROSC
AAS}RG. & 9¢ 3B8A £4& 3 AHL MF, PF, 23.228| 26.165|  2.937 | Non—ROSC ROSC

ASA wmEtvlElg} CPPZHY tig A¥IAEYS 4 T4
2 712 Aot E TN M e AAAFRE =
.808)8 R4 on tEFFAA A AT PFE MF&HS 43
o] H& detu|E (MFS PFY @A @ .928)0]7l o
Z AP AHGA A= 228t MFe} ASAwe =
4 ®)F 72 FANE TENen od4L p of F=.000
<.05% ¢EsE: FAACE % AHE At
CPP=24.532(+1 .443)* MF+1.061(+.281) * ASA —19.543(+2.521) (6)
B 10 0| 58t CPPS}t &3t CPPY ROSC EH4
ol &0 28t MA Fezel Fin Al Hlw
Table 10 Comparison of overall accuracy and
kappa coefficient between simulated CPP

and measured CPP as a ROSC
discriminant parameter

.
Simulated CPP ;

@z} ¥4 Table :
ROSC Non—-ROSC !

ROSC 997 (39.88%) 95 ( 3.8%)

Measured i
CPP N
Non—ROSC} 138 ( 5.52%){ 1270 (50.8%),

N

ot ol &

Bl

HAUME AN oy F5 o2tolelE 0|88 oAz Yy o

&3 A BAAL 58e] MF3 ASAE 71X 1 EARS

2 §o% CPPEE d3¥ & UAth &x % ol& EFT
A2 segmento] 2 REH WAHoln=E oA FH WA
o sy BHAET et I dloErt BEsich A
GRNNE o] &3t A7l Agd MF ASAE 7HA1
BAFLE ANl AY 5% EFTY 7571 segment
o A 50709 training set®} 25702 test seto T BF
3 H training A7 ¥ HAE}YD EARoZ §93q
R AHE AEs7 st ddstA AadESS £93%
gor % 10032 AEE F3led E 103 32 FHE ¢
At 10039 training set, test set TFAF ZHzto
simulated CPP% measured CPP Zte] o) Adigh g
Ao ol  HF  8.9716+1.3526mmHg, FHxt
6.4815mHg2) 225 Z: CPP @ A% + yNed
E 11904 Zo) AlE#HolHE CPPY £3 9 CPPY #9
Aol ghollA doldl wd4e] CPP & 24.214 ~ 25.082
mHgg 71222 &1 ROSC ¥4 58 22 J4F¢L 0|
22 k= W] AP E 108 100 3 Alg#eA
A%Z st test setl]l tiF A gHolB2A ROSCE
Non—ROSCZ 5% %4 vdlZ Non—~ROSCE ROSC
2 &% A F A X BE gl g2 2E HEY
74¢ ROSC/Non—ROSC I%9 '8 Zirt dATE B
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&% zte] ROSC ©d 24 Aol x4 3% CPpst
9] ROSC ¥4 &g 3t a 2 HEE 3 A3 £ 109
A9 gol AA AEES 45 Hrke dXHE EH s gt
GAFE 90.68%% 81.14%i A o).

6.8 £

2 AFME AAAE HAE 3¥ F£ gevgE o
#3to] ROSCol F23 w70 5]?‘:— AT FHRYY
s dEEHAY. 1 d3 HAdAE AAE #F & ¥
el g FFFH FFYY ROSC e 82 HAFs o,
Asia g Aol Al utgt olE EvEH Y B
@ FFE Aol A@Adol EolAE A 4 T E
gt o]l& HaElulElF MF, ASAE ol &3 23 o=y %
o % 90x7F A3 08:30~09:00 AZoA AAAS 808
g 2+ A& Ay dE5IAEY S 58 FFsgo a8
o g Fz2HY dHoleE 100312 GRNNE %% training®
testE %38 8.9716*1.3526mHg, EFH A} 6.4815mHge]
HE €% CPP @& 4 # Usith

Ol E¥ANT WMEAY HAE BEdE A 45€ CPps
%733 CPP Ale]l9) ROSC #d ¥4 digt dX4 HF&
E3ley AAALE 90.68%, 71HdAS 81.14%= FAHNE
E22€ F Aotk olET Aue HA BF St A4A
T AAE 7Y 22 geEvEHE A2 Aoz 38
7] olAE BEFTY BRYY FAE 458 + A& 29
F3 drh

ol g oAU BEAS 1] Eohd HAAF Ji=
%8 £% meEolgE olgd dAztes AALFY BHFY
S 958 F Ue AF AAFIY F L] stEsiEE &
gE.
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