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Near infrared spectroscopy (NIRS)
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NIRS systems based on several methods

NIRS
|
I | | |
Modified Beer- Spatially Time resolved Phase resolved
Lambert resolved spectroscopy spectroscopy
spectroscopy

Z102Hb
[ AHHb ] [ TOI(rS0O2) ]
ZlcHb

ZlcHb: concentration changes in total Hb, cHb = O2Hb + HHb
TOI: tissue oxygenation index




History of NIRO series

Trade Name Methods Measured Items # of Waves Sampling Time

/102Hb, /HHb,

1988 NIRO-1000 MBL method /lcHb, CtOx 6 waves 1s~60s
/102Hb, AHHb,

1992 NIRO-500 MBL method _lcHb, CtOx 4 waves 0.5s~60s

1998 NIRO-300 4 waves 0.5s~60s

2003 NIRO-200 AOZHb, AHHb, 0.16s~60s

2005  NIRO-120 ZcHb, TOI%, nTHI 0.5~20s

2010 NIRO—-200NX 0.05s~30s

MBL method

Able NIRO-CCR1 SRS method

planned

3 waves

2015
planned

NIRO-Pulse




NIRO-200NX to NIRO CCR1

NIRO-200NX NIRO-CCR1
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Principle of measuring Hb absorption wave
spectrum

J2Hb: Oxygenated hemoglobin

HHD: Deoxygenated hemoglobin

\__/ O2Hb
= Water
' HHDb
?_L(; 8Q0 850 a0 l |
. al
500 600 700 800 900 1000

Wavelenghth (nm)

Isosbestic point

1 Without influenced by 02

saturation, only influenced by
blood flow=the point to measure
concentration of Hb

Light from wave forms
from 700-900nm
penetrate body without
damaging body

B NIRO-200NX used 3 wave forms of 735nm 810nm, and 850nm.




Measurement principle of NIRO
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Measurement principle of SRS
(Spatially resolved spectroscopy)

Emission Measurement (change rate of p)
| Detector point
dA
P ap Probe
> | 1
S o\
ol T“\\"':i,%\.‘,"»;""'.
N /B o 2
<
Ma absorption coefficient / ;’/

us Photon diffusion coefficient , |
; Emitter  Detector

In SRS, the slope of light attenuation versus distance is measured at a distant point from the light input, from which the TOI
is calculated using photon diffusion theory. Four laser diodes are used as the light source and Class 1 laser light (TIEC 825) is
irradiated onto the skin. A high gain and low noise amplifier is used in the detector, which enables a large emitter-detector
separations of around 5cm. To evaluate the TOI measured by the NIRO-300, it was compared to the data from a blood gas
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Regional cerebral tissue oxygen saturation (rScO,)

rSc02=[02Hb/(02Hb + HHb)] x 100%),

O2Hb= oxyhemoglobin
HHb=deoxyhemoglobin

Il

Normal range 60-75%

Anaesthesia 2002; 57:999-1006
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NIRO-200NX

% TOI (Tissue Oxygenation Index)
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* rSO2 (egional cerebral oxygen saturation.)
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Difference between SnO, and TOI

Sn02

— Oxygenation ratio in pulse wave components

Sn02 = Ap02Hb / ApcHb

SnO2 represents oxygen
saturation of pulsatile

i cerebral blood supplying
by self heart beat or CCs.

Oxygenation ratio in regional tissue,
(artery, vein, capillary,)

TOI = 02Hb / (HHb + O2Hb)

TOl represents regional tissue oxygen TOl = 02 H b / ( H H b + 02 H b)
14

saturation resulting from cerebral blood supply
and tissue oxygen consumption.

i
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EQUANOX™ Model 7600 Regional Oximetry System
Nonin Medical
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Resuscitation 2014; 85:778-784
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Brief Report
A A new method to detect cerebral blood flow waveform in synchrony with chest
Patients compression by near-infrared spectroscopy during cardiopulmonary resuscitation
(m=15) Yasuaki Koyama, MD *, Takafumi Wada, MD, Brandon D Lohman, MD, Yuka Takamatsu, MD,
Junichi Matsumoto, MD, Shigeki Fujitani, MD, Yasuhiko Taira, MD
| & I Departments of Emergency and Critical Care Medicine, St Marianna University School of Medicine, Miyamae- ku, Kawasaki-shi, Kanagawa 216-8511, Japan
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*Fishers drecl peababilfy 1688 £ = 100, ™Fishers drecl prebakaity 1est p = 0047

Fig. 3. A, B, and C, Patients status according ATOI, TOladm, and TOlcpr.

ROSCD A #% 14
TOlcpr: 50% LL_E(FHZEIZROSC
DARIEEE S LY

20



S DPECO

METHA HERMAE

Patients fERIMEIED &
Exposure NIRSIZ & BHrSO, D AITE
Comparison  [rSO,MD{EZLLEL T
Outcome Sustained ROSC

RIFEHE P&

21




A

Z X BRI T

2011.8 - 2014.14

USA. UKD 5D IEIEHA S

A (8:00-17:00). *FHDH

London@) National Institute for Health
Research (NIHR) Biomedical Research Centre

MoOXEEZITTINS,
EENDZIFEDEEKITAELY,




A

Inclusion

« 18 E

o [EPME LE SE

o CPRZEDIEERS UL ETEITL-AEH

Exclusion
o B ME L FE B
« CPRHN5%3 K it O fiE 151



A

. %’ﬁﬁx@X’)’U7(i AHAF A K54 >2010(Z
8D CCPRZRBHIRT B,

. Eﬁn%?“/?lilﬂﬂ% IEFEBI ALK HERT NI
THEUOHIM., rS02 E'IEE’E(Equanox 7600,
Nonin Medical, Plymouth, MN) Z2E559 5,

e AIERIFTAF T EIZrS02ZBIFET B, EHH
L3SDUL ESNMINTWSEIEXT—FI70REL
TR T 5,




H 1

Primary outcome
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regression modelZ%)
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504 Adult In-hospital cardiac arrest events

¥

183 Eligible and enrolled

r

'

183 A& £%

'

321 Ineligible
- Unannounced cardiac arrest
- CPR lasting < 5 minutes
- Out of working hours

Y
62 Achieved sustained ROSC

L J

13 CPC1-2 4% CPC3-5
- 11 CPC-1 -4 CPC3
-2 CPC-2 -0 CPC4

- 45 CPCS after sustained ROSC

62 AHROSC

.

13 AnCPC1-2

¥
121 Did not achieve sustained ROSC (CPCS)
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TABLE 1. Demographic and Clinical Characteristics of All Cardiac Arrest Patients Based on
Return of Spontaneous Circulation Status

Variable ROSC (n=82) No ROSC (n=121) -]
Sex, n (%) 1.00
Male 38 (61) T3 (B80)
Female 24 (39) 48 (40)
Age (mean * so) 6663+156.13 696411483 020
Ethnicity, n (%) 041
Caucasian 47 (7E) 101 (83)
Asian/South Asian 8(13) T(6)
African descent 4 (B6) T(6)
Hispanic/Latino 3(B) 6 (5)
Initial rhythm, n (%) 024
Pulseless electric activity 41 (66) 81 (87)
Asystole 12(19) 31 (26)
Ventricular fibrillation/ventricular tachycardia 9(15) 9(7)
Clinical site, n (%) 0.49
Site 1 18 (29) 21(17)
Site 2 97 (44) 58 (48) CPRH%FEﬁ&FSOZ:E
Site 3 5(8) 12010 :/)-(IJVO\\H%FEE“:
Site 4 5(8) 12(10) ﬁ%%%b}
Site 5 7(11) 18(15)
Charlson comorbidity score (mean £ so) 5471253 ETox2.76 0.48
APACHE |l score (precardiac arrest) (mean * so)* 21.68+11.61 02.38+11.00 0.78
Hemoglobin (g/dL), prior to cardiac arrest (mean + so)° 10.76+2.00 10.79+249 094
Paco, during CPR (APACHE) (mean + so)f 583512080 640812957 023
Pac, during CPR (APACHE) (mean + so)* 13802+ 140.44 BEBT72+1137E 0.06
Duration of CPR (min) (mean £ so) 03371777 313112626 0.02
—TIME 10 placement of Oameler sensor uminy wmean - sop D0 T 2g roTTEY L0
Duration of nxin_‘letr}r mmifrin‘? during advanced cardiac life 17231413 2309+24.18 004 29
in]




TAELE 2. Demographic and Clinical Characteristics of All Cardiac Arrest Patients Based
on Cerebral Performance Category Status (Cerebral Performance Category 1-2 Versus

Cerebral Performance Category 3-5)

Variable CPC 1-2 (n = 13) CPC 3-5 (n= 170) p
Sex, m (%) c.o8
Male 11 (B5) 100 (59)
Female 2(15) 70 (41)
Age (mean + 50) G069 1821 G922 1457 0.09
Race/ethnicity, n (3t) 0.80
Cavcasian g {69) 139 (89)
Asian/South Asian 2(15) 13(8)
African descent 1(8) 10 (B)
Hispanic./Latino 1(8) 8(5)
Initial rhythen, m (24) o2
Pulseless electric activity B(7) 114(33)
Asystole 1(2) 42(98)
Wentricular fibrillation/ventricular tachycardia 4(22) 14 (78)
Clinical site, n (3%) 034
Site 1 3(23) 36(21)
Site 2 g {69) 76 (45)
Site 3 0(0) 17(10)
Site 4 0 (o) 17 (10)
Site B 1(8) 24(14)
Charlson comorbidity score (mean + 50) 5.23+2.68 5.69+269 072
Acute Physiclogy and ChmnjE Hf.;&lm Evaluation || score 14 =R.67 22T4+11.10 Qo4
ot=of
Hemaoglobin (g/dL), prior to cardiac arrest (mean £ sof 1098 +1.88 10.76+2.36 077
Paco, during CPR {mean £ so)f 63.67 £ 14.56 6248 £2729 051
Paa, during CPR (mean + so)f 129.67 9960 105162 12727 032
Duration of CPR (min) (mean + so) 28.85+24.33 262402 082
Time to placement of rSo, sensor (min) (mean £ so) 862+10.73 T43+759 0.80
Duration of r50, monitoring during advanced cardiac life 2023 +1764 2.ATE21.76 01

support (min) (mean + s0)
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TABLE 2. (Continued). Demographic and Clinical Characteristics of All Cardiac Arrest
Patients Based on Cerebral Performance Category Status (Cerebral Performance
Category 1-2 Versus Cerebral Performance Category 3-5)

Variable CPC1-2(nm13) CPC 3-5 (n = 170) p

Fostresuscitation characteristics”

Targeted temperature management® (32-34°C) (%) 1.00
Yes 5 (28.41) 12 (70.59)
Mo 7 (28.00) 18 (72.00)
Glucose 24 hr post resuscitation {mg/dL) (mean + sof 183.56+7154 2182314711 1.00
Mean arterial pressure® 24 hr post resuscitation {(mm Hg) 76311583 Tab4x14M og7
{mean £ so}
Paco, 24 br post resuscitation {mm Hg) {mean = so) 57383478 4589+ 11,56 034
Pad, 24 hr post resuscitation (mm Hg) (mean + 5o 11785 £41.54 120526012 0.68

CPC1-23+LCPC3-58FZ L9 H&., CPC1-28£ T
VF/VT(shockable) DE[& A S LY,
F71=. CPC1-2BEMNAPACHE I RaA7MNEEIZELY,

L
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CPREEMDrs02M %1t A) ROSCEF vs NoROSCEF B) CPC 1-28F vs CPC 3-5 &
A 21

— ROSC
—— NoROSC

rSO2%

... . . . .| ROSCEHBLU
N1 12 13 3 40 8! 174
re ) 0 30 % 10 0 >
Duration of CPR (Time in Minutes Before the End of CPR) C P C 1 2 Ei T\: (i

B s :gﬁg;i | CPREE_'fﬁd)S/\
| & TrsO2fEA
St /o ERLTWS,

rSO2%
50
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TABLE 3. Comparison of the Six Different rSo, Measures Between Patients With Return of

Spontaneous Circulation Versus Without Return of Spontaneous Circulation

Variable

Mean rSa, during resuscitation
Mean £ sp
Median {minimum, maximum)
Median rSo, during resuscitation
Mean £ s
Median (minimum, maximurm)
Mean rSo, in the last Bmin of resuscitation
Mean £ sD
Median {minimum, maximum)
Median rSo, in the last 5 min of resuscitation
Mean £ sD
Median {minimum, maximur)
Percentage of time with rSo,_ above 50%
Mean £ sp
Median (minimum, maximum)

ROSC (n=62)

5182+ 111
52,07 (23.60, 76.52)

024211168
53.00 (24.00, 77.00)

53941116
53.30 (25.2, 76.52)

5402+ 1224
53.75 (24.00, T7.00)

56.59+3539
62.85 (0.00, 100.00)

Percentage of time in the last Smin with rSc, above 50%

Mean + sD
Median (minimum, maximum)

59.68 + 40.66
66.45 (0.00, 100.00)

No ROSC (n =121)

4093+12.33
4252 (B.76, 61.37)

41.38+126
42.00 (8.00, 62.00)

4159+1335
42.46 (7.71, B0.61)

419321347
43.00 (8.00, 80.00)

24.29+33.84
0.00 {0.00, 100.00)

248313919
0.00 (0.00, 100.00)

< 0001

< 0001

< 0001

< 0.001

< 0001

< 0001

ROSCEETIE. rSO2MDETHDIEETEREEZZH TS,
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TABLE 4. Comparison of the Six Different rSo, Measures Between Patients With Cerebral
Performance Category 1-2 Versus Cerebral Performance Category 3-5

Variable

Mean rSo, during resuscitation
Mean £ sD
Median {minimum, maximum)
Median r5o, during resuscitation
Mean £ sD
Median (minimum, maximurm)
Mean rSo, in the last Smin of resuscitation
Mean £ 5D
Median {minimum, maximum)
Median rSo, in the last 5min of resuscitation
Mean £ sD
Median (minimum, maximurm)
Percentage of time with rSo, above 509
Mean £ sD
Median {minimum, maximum)

CPC1-2(n=13)

5605+9.98
54.55 (40.66, 76.52)

56771098
54.00 (42.00, 77.00)

5682+10.18
B4.82 (46.29, 76.52)

5735x10.62
54.00 (42.00, 77.00)

70981+26.64

76.99 (24.35, 100.00)

Percentage of time in the last 5 min with rSc, above 50%

Mean £ =D
Median {minimum, maximum)

65.74£33.15
67.11 (0.00, 100.00)

CPC3-5(n=170)

43.751+12.81
45.22 (8.75, 74.29)

4423+13.10
46.00 (9.00, 74.00)

4493+13595
4558 (7.71, BO61)

45.16+14.14
45,00 (8.00, 80.00)

3250+3691
16.00 (0.00, 100.00)

344124282
0.00 (0.00, 100.00)

CPC1-2EXTIL. . rSO2NETHNIEETEEEZTZHOH TS,

< 0.001

0.001

0.001

0.001

< 0.001

0.006
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ROSC% T8l 9 HrSO2#54Z M ROCHI#R(Z K S fZ AT

ROSCZEFHIT S
A +&LTROCHA
% So., in the last B mi 0.76 (0.69-0.83
ean rSo, in the last 5 min ( ) 48 ARG B L
Mean rSo, 0.74 (0.66-0.82) AUCH B E K=
Median rSo, in the last 5 min 0.76 (0.67-0.82) DlL. CPRE¥ESH
Median rS{}E 0.74 (0.66-0.81) O)EF:l:é]rSOZﬂE
Percentage of time with rSo, 0.76 (0.68-0.82)
above 50%
Percentage of time in the last 0.74 (0.67-0.81)

6 min with rSo, above 50%

ROSC% F B9 ArsO2f5 2 DAY RS

Unadjusted
Unit  Relative Risk (95% CI) Relative Risk (95% CI)
Percentage of time with rSo, above 50% 9 1.07 (1.04-1.1) < 0.0001 1.07 (1.04-1.09) < 0.0001
Mean r3o, in the last 5 min 5 1.18 (1.13-1.22) < 0.0001 1.07 (1.03-1.12) 0.0002

Mean rSo, 5 1.15 (1.07-1.24) < 0.0001 1.05 (1.02-1.09) 00014




TABLE 7. Prediction Accuracy of Using Mean Regional Cerebral Oxygen Saturation in the
Last 5 Minutes of Cardiopulmonary Resuscitation With Different Cutoff Values to Predict
Return of Spontaneous Circulation Among All Cardiac Arrest Patients

Mean rS0.% in

the last 5min
CPR

Positive Negative
Cutofi 2 No. of Predictive Value  Predictive Value Misclassification
rSo,% Patients (95% CI) (85% CI) (85% C1) (85% CI) (85% CI)

25.19 167 1.00 0.13 037 100 057
(054-1.00) (0.08-021) (0.30-045) (0.79-1.00) (0.50-0.65)

30 o8 Co8 020 039 005 054
(081-1.00) (0.13-0.28) (0.31-047) (080-1.00) (0.46-061)

35 143 09 028 0.38 085 051
(0.80-056) (020-0.37) (0.31-048) (0.70-0.54) (0.43-0.58)

40 127 09 04 044 088 042
(080-086) (0.32-051) (0.35-0.53) (0.78-0.95) (0.35-0.50)

45 a9 084 061 053 088 03!
(0.72-082) (0.52-0.70) (0.42-053) (0.79-054) (025-0.38)

50 70 0.61 0.74 054 0.79 03
(0.48-073) (065-081) (C.42-0.66) (0.70-0.86) (024-0.38)

55 45 042 084 058 074 030
(030-055) (0.77-0.80) (042-072) (0.66-081) (024-0.37)

60 20 029 091 0862 0.7% 030
(0.18-042) (084-0.95) (0.42-0.79) (064-0.78) (0.24-0.37)

65 14 021 099 083 0.7% 027
(0.12-0.33) (085-1.00) (0.66-1.00) (064-0.78) (021-0.34)

70 ) Rk iele] (0):5¢] (o5 D30
(006-024) (085-1.00) (C.52-1.00) (0.62-0.76) (024-0.37)

7 2 002 099 050 066 034
(000-009) (085-1.00) (0.01-099) (059-0.73) (027-041)

80 1 0.00 099 0.00 0.66 034
(0.00-006) (085-1.00) (C.00-098) (0.59-0.73) (0.28-042)
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CPC 1-2 ZF 9 5rSO2$51ZMROCHAIR IZ L S A7 4T

Mean rSn:jE in the last 5 min
Mean rSn:jE
Median rS{::'E in the last 5 min

Median rSo_

Area Under

the Curve
(95% CI)

0.75 (0.64-0.85)
0.77 (0.66-0.88)
0.75 (0.64-0.86)
0.76 (0.64-0.88)

Percentage of time with rSo, above
50%

0.79 (0.70-0.88)

Fercentage of time in the last 5min
with rSo, above 50%

0.70 (0.59-0.81)

CPC 1-2% % B9 ArSO235ZE D AU RS

CPC1-2ZFHIT 5
E+ &L TROCHH
IR I 5.
AUCH IR B RELD
DI, CPRED
rSO2{E50%LL L D

25

Relative Risk (95% CI)

Percentage of time with rSo, above 50% 5] 1.15 (1.06-1.26) 0.002
Mean rSo, in the last 5 min b 142 (1.12-1.81) 0.004
Mean rSo, during cardiopulmonary resuscitation B 1.60 (1.20-2.13) 0.002
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TABLE 10. Prediction Accuracy of Using the Percentage of Time With Regional Cerebral
Oxygen Saturation Above 50% During Cardiopulmonary Resuscitation to Predict Cerebral
Performance Category 1-2 With Different Cutoff Values Among All Cardiac Arrest
Patients

Positive Negative
Cutoff 2 No. of Sensitivity  Specificity Predictive Value Predictive Value  Misclassification
rS50,% Patients (95% CI) (95% CI) (85% CI) (85% CI) (95% CI)
Percentage of 2434 90 1.00 0.55 0.14 1.00 042
time with rSo, (0.75-1.00) (0.47-062) (0.08-0.23) (096-1.00) (0.35-0.50)
above 50% —
30 86 0.92 0.56 0.14 099 0.41
(0.64-1.00) (0.49-0.64) (0.07-0.23) (0.84-1.00) (0.34-0.48)
40 79 0.77 0.59 0.13 097 0.39
(0.46-095) (0.52-0.67) (0.06-0.22) (052-0.99) (0.32-0.47)
50 69 0.77 0.65 0.14 037 0.34
(0.46-095) (0.58-0.72) (0.07-0.25) (083-059) (0.27-0.41)
60 57 0.77 0.72 0.18 088 027
(0.46-085) (0.65-0.79) (0.09-0.30) (0.83-1.00) (0.21-034)
70 40 0.54 0.81 0.18 086 0.21
(025-081) (0.74-0.86) (0.07-0.33) (0.891-058) (0.16-028)
80 34 0.46 0.84 0.18 0.95 0.19
(0.19-0.75) (0.77-0.89) (C.07-0.35) (081-058) (0.14-026)
90 26 0.31 0.87 0.15 024 0.17
(0.09-061) (081-092) (0.04-0.35) (0.85-0.97) (0.12-0.23)
100 16 0.15 092 0.13 083 0.14
(0.02-045) (0.87-095) (0.02-0.38) (0.8S-0.97) (0.09-0.20)
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