[HEHREKA]
REEHEES:22in0210223 1AL BH B HMS5F3A208

H A< = 3R 70 B S8 Ak i ER B ICR R
EFHEBEE A R—Va Al ue 5 a8 EARZXFX—2A (ACT-M)
EHRFMmmEE

Nz

I EARfEH
WFZERRRSIRES © (AAREE) MMM FeE s D < SR OIERAE T A R A7 LOR%
(ZE  FE) Development of an innovative cardiopulmonary resuscitation system guided

on cerebral blood flow indices

WFZEERZ EMERE - A 2410 H 1 H~Sf 543 A 31 H

MBI ESE K4 (BAEE) AH
(3£ FB&) Taku Iwami

WHIERHFEMRE  PTRARRS - B0 - Ak -
(AAGR) ESLRFIEN  FHERZPRFHEZNER  PRHERADE 2%

(3% ) Department of Preventive Services, Kyoto University School of Public Health, Professor

I1 BFFEBRFEOBE
RO IEE T V& T, HFERFZESEORME =27 240 H T 52— R C b 5 ERINGS ik
(NIRO) W TE %16 H LIRR BRI OISR R O &4 ST 2 7 V3 ) A AZFFETH & b2, B
NOREFET =X OIEZITV, U T A A LI EE =4V > 7 L Mifk4E (Cardiopulmonary
resuscitation, CPR) &#H A RTHEHMIR AT AEHBETHZ L2 HNE L THBMICEZITo72, 19
FHOIRME LT T L0357 — 2 Z I L NIRO Z U 7o fid L & 7815 7 /L A3 CPR H1 o0 B IfiL i o0 (AR HE
I % TATEMARM R & 3 5 FEOMBEE R = & 2 W5 hlc L,



() FIBIRIC T 7 10— o —CRHA 5 MR RIS & B 2L & i okt

|
- bt Lol
\ ‘rlw I \ “. “J‘l .‘“i ‘l‘ 'ﬁ\ ,‘J‘- .‘“ {lt \“'\ I\ Jl‘v. -“A I \I‘ f JI\* u‘\\ !l | “' ! .‘I\ / \‘L I
A AN LA AR AGA AN AR AR AN ‘w’l"]:"."\-“
"“-‘”'““'“\‘U‘.‘U‘-‘\‘V"‘v‘"'h"'l'“ﬂ".}\J‘."Uv"uj'ju’
I T No Flow E#Faﬁ = B ™ 1w n: i 3 150 D ME.ELE 12 1214 1246 1248 1230 1aaz

1E1B

ma2h

X1 ZFE#ENR” 2 — & NIRO I & DEIf%
LB FER T v — FEE : NIRO 2
X 1 CTrnd X 912 NIRO &2 1E CPR D M i S DAL Z Bl HE 2 LTV D Z &b o7,

W ABF

1170 1172 1174 1176 11.78 11.80 11.82 11.84 11.86 11.88 1190 1192 1194 1196 1198 12.00 12.02 12.04 12.06 1208 1210 1212 1214 12,16 1218 1220 1222
= (59)

X 2 M B F BT A 7 a—t o — 281 A I 5

2 TR K DIZ CPR HOFHENRIZI T ik Fn 4 7 o —t& o — Tl L. IEITHE GO &
BRIz a5 Jm) LT (I & OB 2 5 Jm) AMFEIET 5 2 & & Lz, £72 CPR 03]
R MGED & & J5 M 2 & mAICFEN L, $E 8 & fEFIRE EBOWTITH 7R O
ITHERENETLTWD Z ERbho T,



100 -

E3 ROSC
E3 No ROSC
75

0 % ﬁ é
M1 2 M2
3 ACLHEHROSC)DOHHE Z & o IE O FHE IR M T

EMROFHEARIMGE O & B 2.0 (ROSC; return of spontaneous circulation) 73
LTCWAHZ EERLT, (X3)

Net flow (ml/min)
(4]
(=]

n
(3]

(2) HERIC T7 o —& Y —THHUT DA & . NIRO THHA S 71 2 AL HEEE (8 Hb R4S
fe. meSRfb Hb B2{E, MifkR{k Hb B2E{K) & DAHE

fi#dT 1)
UM & U CRRMEMT S e LE 7 = — AD&EIIDO 1 SllcsnwT e —k 4 —

TR 2 FE R I T & (ABF) & NIRO TRt &4 2 A i fiats (raw FR3E1E Hb : raw02Hb, FE5E1L
Hb JE 2L - 02Hb) & OFHBAZfENT L7z, X 41T @0 ., SR E RS E LS Tk

KEB TR W THBEIIEE O bR o 7,

e 1min 0O2HD vs ABF
Huias
»Y LUCASY 0.89 | 0042 R 041 0.31
B - o . . n ..

.. sy

0.41

4 EPTCRNT ORER

aY MANUALZ SRR

* 0.18 044 QONCE
0.

L[

T 2)
HH X OfENT & L TEXB O 9 5 ABF SHEFFCT& TV D & B CEIR L2 BLLEEEL 63 2°ATIC

DN C— O BRI T & & I TS O mAE 2 515 L, 10 3950 O ERME O FHES 2 f#hT Uiz, fif
Mt AT DV TR LRI OFE B /AT IZ WV T h TFREDK 5 O L 5 I+ BRI SE 6o
7=, Spearman DONELIFAESREL >0. 7 OFfEERIL 11 2377 /63 258 (17.5%) Th o=, (F 1)



*) ES o

= o = N — o =i o oy
— o~ M M o O o o M - Y] — o M N ™M
=== 0404040====E4d40=40=30=40==24da 2|\
o — 4 N @ W o el o v
o o4 — = o o od Fuian
I ~ N - e © o o
:EE — — — — = = = (=3 HY
i — i i i i —i i i
o~ o~ o N NN o I o~ o8
sigg - ~EU-E-@- - - DOE- DUDE @5~ S0g - - EEE
%O o - I 00 D - EE -l e
oy S — -06
R I 2 & 84 3 %z 494 2 5 % 3 2 & ¥ 8 2 & & & &
*) E4y ~os  {ELER
o D ¥ 2o ¥ D ¥ ¥ D ¥ ¥ D w2 om HY
IR CEICEEIZEIE =Bl = EEE = E =R =Rl = =
— =t — (=1 oo ~ uy =t
o — — — — — o &
Eogs] b= © © © © @ I} o
f=1 = = =1 = [=1 = (=1 02
— — — — — — — —
™~ ™~ o o I ~ N o
IEEAE
e e (N - R - A - - E e - - - -
2 - oo - D SO - -0 O S - 0 - mE - - @
® a2 A ®” & B &8 R ¥ F ¥ % 3 % ¥ 5 F & 2 & & 8 & 2

*) L: LUCAS; M: Manual; A: Additional LUCAS

5 AT 1 FRBE MR R

Table The rate of sections correlated between CBF volume and CPI

total n=63
Spearman’s correlation coefficient <0.4 0.4-0.7 >0.7
section (n) 37 15 11
the rate of section (%) 58.7 23.8 17.5
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We conducted a study to develop an algorithm to reflect cerebral blood flow during cardiopulmonary
resuscitation (CPR) non-invasively by (near—-infrared spectroscopy) NIRS wave in a swine cardiac
arrest model. In addition, we collected clinical data from out—of-hospital cardiac arrest patients,
and conducted development research aiming to build an innovative system monitoring cerebral blood
flow in real time and to guide CPR. We measured data from 19 swine cardiac arrest models and revealed
that the prediction model of cerebral blood flow by NIRS indices showed a certain degree of
correlation with mean carotid artery blood flow. The direction of carotid blood flow during CPR was
demonstrated the presence of both an anterograde (heart to brain) flow and a retrograde (brain to
heart) flow.

(1) Confirmation of the direction of carotid blood flow by chest compression during CPR

NIRS detected the changes in cerebral blood flow sensitively. As for the direction of carotid
blood flow during CPR, both an anterograde (heart to brain) flow and a retrograde flow (brain to
heart) was observed. The increment of carotid blood flow was associated with the higher rate of
return of spontaneous circulation (ROSC).
(2) Correlation between cerebral blood flow indices (AO02Hb, AHHb, AcHb) measured by NIRS and
carotid blood flow measured by flow sensor

Analysis 1) Simple correlation for total section

The correlation between carotid blood flow and cerebral blood flow indices measured by NIRS
during the first minute of each phase was analyzed for all section. Cerebral blood flow indices
were not correlated with carotid blood flow by simple analysis for total section.

Analysis 2) Simple correlation for extracted section

The correlation of the average 10 beats between carotid blood flow and cerebral blood flow
indices were analyzed for 63 extracted regions which were visually selected as maintaining carotid
blood flow. Percentage of section with a Spearman’s correlation coefficient of over 0.7 was only
17. 5%.

Analysis 3) Correlation between cerebral blood flow value calculated by prediction model and average

carotid blood flow for total section

We made the prediction model of cerebral blood flow by the “fluctuation” of NIRS indices for all
sections, and the correlation with carotid blood flow was analyzed, and showed a good correlation
(Spearman’ s rank correlation rho 0.60, p<0.001). Furthermore, we extracted intervals of 20 sec,
120 sec, and 300 sec, and analyzed the correlation with carotid blood flow. The correlation became
getting worse when the extraction interval was shortened

Total of 250 clinical data were collected during the study period, and the measurement method of
cerebral blood indices by NIRS in emergency scene was almost established. On the other hand, carotid
artery blood flow may not be suitable as the gold standard of cerebral blood flow in situations
that strong retrograde flow at carotid artery occur during CPR. Thus, the final algorithm could not
be determined during this study period. After this research period, we will conduct additional pig
experiments to measure cerebral micro—perfusion and internal cranial pressure directly. The final
algorithm will be established by the next experimental study, and then we will proceed to

commercialization.
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