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A new method for study of cardio-respiratory
behavior under high pressure environment
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A new methood for study of cardio-respiratory
behavior under high pressure environment has
been developed.
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The measuring system is composed of gas sam-
pling systems (two types of breathing and atmo-
spheric gas probes applied to pressures below and
over 4ATA respectively), a gas mixer, a
pneumotachograph, a Mass spectrometer and a
data processor. The following measurement can
be made by employing the system developed.

(1) Respiratory patterns of expired gases (Tv,
FO,, FCO,, FN,, FHe, FAr and FH,0) for each
breath cycle and their relevant factors (VE, VO,,
VCO, and R) measured by signal processing
which improves the noise to signal ratio.

(2) Cardiac output measured by application of
C.H, mixture rebreathing method.

(3) Multibreath N, washout measured for
component analysis of ventilation.

High response respiratory patterns of expired
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gases were taken across the wall of high pressure
chamber used by specially designed gas sampling
systems that can be made simultaneous and
continuous measurement of respiratory gas
concentrations and other ordinary physiological
parameters.

Rapid response mesurement of the water
vapour requires multidimensional analysis of
ventilatory dynamics at high presure environment
by programed online data processor.

This measurement provides clearer and wider
informations for study of adaptive changes in
man under high pressure environment.
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(1) breath by breath FEIR 5%, pattern g (X
1) R HF Ay v 7Y v 7B (Breathing Gas
Probe:BGP), BE ¥ AV v 7V v /7 ¥ E

(Atmospheric Gas Probe: AGP), BE# < 3
Fr v 7¥E (Mixer), =a—€¥&23 7357
(Pneumotachograph), & & 4 #7 i (Mass
Spectrometer : Mass) R U EF 7 — # — B EE
(Data Processor :DP) ® v 25 ARRIC X %,
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(63.2%32H E23 b KT 100 ms LAF) % SEH,
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1 Metabolism Measuring System
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2 Breathing Gas Probe : BGP

WEER (T 2 ERRBAIETE % BGP ¥ &5t
Liz, 20 T1 @7 oREN, KE, BEELC
IoTELBDT, TOELERNCIED IS
Tkl

BGP 3 # 8% O R K % B # Mass © Probe
THV 7YV v THAE@E2—A)  4ATA LT
CEAT S, RU—BXKEFICEH 2, —5
% Mass @ probe THv 7V v 7355k (R2
—B) | +H4ATA L EefFRT3, 2BAL:,

b) HBESHiHOES/N HRAED A DOEEL
B, RrRhitk

S/N th#ED %, He INEBE T ClAXHIC
D H ARFBEDET L B, S/N HOET %
B <7, He & H,O B < # A4 DRI 100
R%FARETEL, K2R THE B probe DY v
TV VIR A VIRENOHBFBER (5x107°
Torr) £/D 5, AW HEt (WSTR 1700X)
%% 5 2 (0,, CO,, N,, Ar, H,0, He, C,H,)
DREYEE, FARETE 3,

He & HO %< ¥ ROREDEBMLE I,
FGi= (ai*PHGi/Sai-PHGi)X10V ({EL, 10
V/100%, ailXHe & HO %D F < ¥ 2D
BRE*&H T, PHGI RE T ARG DO — 7 {H,),
FH,0= (aw.0*PHH,0/3ai-PHGI)X10V ({E
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L 10V/10 %), PHe= (aHe -+ PHHe/3ai*
PHGDX10V ({EL 10V/100%) £ L, He &
HRE F 0,12 FF02= (1—FHe) F0, L £RL,
SEFRFE, PO,=PA (1 —PHe) FO, &R
THLXO5 L, (HL PAREE)

YT v I AOBRERRE (TD ZFR—0H
ARTH—E TR FAHEROEMFREEIN
DT, BEEEFO, (t) o7e—FEKi\
T5ENFRE  TD=T1+Tr EL TrxfEE=
BEVD EAVREDEZER L C, REHHEENVO,,
VCO;, VN,, VH,0) oEE%, flziXV0,=
STPD 7 7 7 4 — XFO, (t) -V (T—TD) dt %
Tole ¥V IAFADINH LM EHEHIZFGI

®=FGit 2») (1—e "D/ Ik 5 TER
Lic, (BL 7z ; BEH T FGi () 5%63. 2 %
ErBREREITH B,

MR SR D K R K 38 A SR probe BE~ o T
B3, KEKGEORKE, REHRZETIE, K
K trap It L Ao dry gas DREE, &M%
ETIXR2Z0TH V7Y v 7 REEINE - HE
xR LI,

2) 8K - nFEFREOREIZET 5 HBAH R

(®E3),

a) M (Qc) HIE I —EDRHES R (F&
L T perfusion fKEHEDO K E V- #2) & LT CH,
FHGICY, BOicBRRA S AR, 1ATA

(C,H,0.56%, 0,25%, Arl0%, N, Balance :
2.50), 11ATA(C,H,0.22%, 0,4.56%, Ar2.85
%, N,9.14%, He Balance : 250 CIERICHE
THEEDIRII Y VoAV,

BYERAITAAy 7, 3HRAATAF VI 1
TRO=YAE—2Anbikb ¥ AEARRYR 11T
7~ breath by breath RS> 2 7 4 L4
ARAIE L, ¥AF 200 DP TESAEZ
RIPMREIEDHERT e /v a— & — iR
& H AR pattern & LTRRIh, BFET
a4 F-CRBBHL, AR LD QcrRD
7o

Qc(m!/min) =PB/a (PB-47) X273/273+tr X
d (InF’C,H,)/dt XV systC,H,

{BL, V syst(mi, ATPS)=FC,H, (bag)/F’
C.H,(O) XVe(tr : BRERE, o CH,BHEHRK

(740), PB: ®EE, FPCH, (0 InF’"C,H, (1)
DHEREt=0DMEL L TH & B %, XARIE
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Highpressure Environ.
(11 Ata)
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RGas samplimg system

MASS

SPECTROMETER

ANALOGUE
RECORDER

Ar 2.85
02 4.56
N2 9.14
He balance

C2H2 0.22 %

DIGITIZER
ANALYZING
SYSTEM

E3 C.H, Rebreathmg System For Measurement of Cardiac
Output Qc Qc is estimated from decreasing rate of mix-
ture under the condition that equilibrium is instantaneous-
ly attained between alveoli and lung capillary blood.

& dnF'CH)/dt 23k®»bh 3, = 2 ¢, FPC,H,
OWTHERK K=FAr/FAr (0) B L%
D¥AVEERTLEMELL, 2T, FFCH,
RUOFAriiHe bER# Mz c&EwR+5C,
HBERFArREYE T, Thbb, FCH,=
(1-FHe) FC,H,, FPAr= (1-FHe) FAr ¢&
ED
b) N.¥E\ 72 LM pattern 247,
BEF A D 1ATA REZERD, 11ATA (0:4.0
%, N14%, He81%), BiSE» A Kb O HBRE
N, ZEERWEEST R 1 ATA (0,74.46%,
Ar25.54%), 11ATA(0,3.76%, Arl5.3%, He
Balance)ic ] h #1 2, Rk R LIRS H 2 %K 1
12753 breath by breath k&% v 7V v 7k
TESLEL, N,#E72 LEEORES pattern %
BRE L ICERLRET S, ThThORROF
H v A, Nogiw72 L%, FN,(n)/FN,
MDD =B"+Be"+Bws" * * * fawy™T L D
BT L1z, BL, FN, (n) (% n[EE DR N,
E#%, wi 35X FRRED N2 7 LR (F
RE) €, &,=FN, M)/FN, (n-1) TEZh3,
BLEFa v A= AV EBORH S RO E

RS N LOFEREET,

" 3

(1) breath by breath FEIE % pattern HIE,
TOBRERENLORRKESY v 7Y v IE,

K2-AD% 1B probe WOIZR 2-BD& 1
KO 2 B probe It B 7 A TSR (B2
T THB, K2-ADE2BRUN2-BoE
3RO AWIGFRTH 5,

$v 7Y v 7EQ(ml/sec), F AEIERER T1,
B ERDENE Tr FREFSFGI () o7 r—
B% v (O w33 2 BN TD (sec)=T1+Tr
THEIh, Q TIIMEHRERD » 2 Filsttic &
DPREL, v 7V V7 Probe YUATA LIF T
R2-ADHE 1B, 4ATAULTIRK 2-B0 %

1, 28 wBfR L%, Trix 1 * v & probe
(AATA LT TR 2-ADE 2B, 4ATALE
TR 2-BOE3IEDIBER LI, b EN
M Tr QFRTBEEOEDIE,Z R L 1,

Kot X h k¥ 5Q, Tl 0B,
Q==z a*/165L (P,2—P,2)TH 5%, {HL, a ' &

B (cm), L HEDEZ (cm), #: MR

¥, P.RUP,
(dyne/cm?), ,
JATALU LOBERENOY v 7YV v 7T 5
BEE, POP,THH, Q=KD?*/2565L TH 5,
{EL D=2a,
FROEARIZ, BECIELSHERCERL
Brb0TH52, QOEANEIIES DM OE
HZECHCEHR & DR ) 2RD b i,
X4 3EECRIEES, ##cQi s td 0T
BB,

EHEBOKRDEKEDbLYDOES
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TIRVO Tr, v 7 A HF2AOHEENRKREZY R
51T, ¥V T s AREOKBIREicKT
DAL EN YRR, BERALBS-HKTHHER
R LT, A DBLRAET — 23, n(REH<

Q(ml.atm/sec)

110 ;
Theoretical value
100-] \'\
90|
Experimental
807 \\ value
701
60-]
50
40-
30-]
20
10
0 t + T : + T
0 5 10 15 20 25 30 P(kg/cm?)
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100 ms BA iz s\ T, 12% 0&E B cBHR I —
L, XAERCRIRHCEB LIcF 7 5 2y
7 EDEXIHIED 2 BBETH -7,

b) Mass & S/N HEIED DD FE BN,

6-A I~V R — A BRI 2 TRE TR
o FO,, FCO,, FN,, FH,O pattern #7"%, X
6-B (LEBR 0 LELHERESY DP (5 — 2 AEE
B - TEBAEL, 77 v 7ERLE VO,
VCO,, R(ratio), VH,O RV Vek iR, 20K
BCBLAIET -2 38275 A"y 7L B
ET — 2 L CEREBERZT> Chicw, &
Ll ERREECTVE M ESh A RBLY
Bz,

(2) BK - MFREOHIE

a) fiMmfE (Qc) ORE

712 CGH,BRRE X » BIE SRR
Pattern #7~3, BbhERIIEE ORIEHKE
25, Mifek C,H, % end tidal B2 HF A D,
CH,BIEE, CH,BEMEDLMMmMBHEE
> THIAHE & LT,

8 X 11ATA (100 m IR K F) 12T 5 4
ANOWREZE DL X 5 Qc DELE R T, head
up 7°5 head down IZ[a] 2> - CEFENT 5,
11ATA © Qc DfEIZ IATA DB EH N, T

85/10/26 11:40  SAMPLE:2.00 ms
10.00V T
2.400V I
1
1
FOZ 1
1
B [
|
i
I
!
U
I
-0.6732 - i
r_ !
1
1
1
[
I
- I
1
!
[
0.000 I
0.8000 I
TD !
. .
0.000 ——34 1.000s
-
192ms2 "1~ ms
Tl Tr

5 Response of gas introduction.
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6-A Breathing pattern (6.5ATA) = i E== =
VH20/VE () 10 SECONDS R
3.0 1.8
VH20/VE
2.0 WW\/\W/\ I8
1.0 — S — R R L-\Qt/\—/\—’ 1.0
) 0.0 0.8
sz Veoz Tr=26 C
VH20 VE (1/min) .= 58 o HR  RR [ /min)
47 150 RE fe 200 80
HR
150 1 60
3 106 | 40
100 RR
so | 20
VOZ o ‘A
2
veo2 0 0
. LBAD W)
50 VH20 Izso
) 200
g 150
VE
100
r@fﬁ%@fg\fﬁ B

5 10 1S 20

25

30
Inlnutos)

6-B Respiratory behavior on condition that are rest and work with 100

watt under high pressure environment.
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X7 C,H, rebreathing pattern (11 ATA)

1AM

CI/min)
5

4.81
4.6
4.4
4.2

4. -
3.8 o
3.6
3. 4-
3.2

Gic

3 Rl
STAND

SIT

SUPINE

8 Cardiac Output Qc Measured By C,H, Rebreathing Method
are Plotted According with Positions at 11 ATA.

RORETHIEIERT I, BBIZX 5D
Pattern ZRAIUTH %, Z DHEMED THELH £
5#12, BETOBRRHAES ¥ AOEELKE
VWHEBELRD B EEbhi, LML, BETD Qe
DRED CHIETHRETH B L E L bhie,

RED L, BETICEBT5EEA 7 ABRRKIZIT,
HABDOEHICEENHES L5, BETHEE
YV v oREE FRTAZEEELTVS,

b) N.¥EW 72 LIER &K pattern 47,

91X N Bt 72 LR DO IR K, pattern % 7R,

ENBEEOEBE CTREFREBECEL AFHEY
fToTW 5,

X10i3 1 B oHBRE I O\WT, 1ATA (=K
%) RU11ATA (100 m SIFRIWEK) KD N,oBEL-
U %, 8l FN, % log,, T, Blhic &N
v (RR) BRI (sec) %%,

1ATA X 9 11ATA OFH, NoBEW 72 LS L
L5 B2BH, EFRED NP KR CHET
LUHERD B, BERBERO N,ZE\72 L (wash-
out)IZBi3 % Kindawll® D& 0igE e b, &
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WASH-OUT-PATTERN
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L YRV AUS SR A S R T e S o0
t “.I‘ Bt ; (‘U;/?’,;) T—F
= : : | e =£10; -
HE 2 = FEE— e
= = E 5 FEERELITTIEERR
i | T -y T N EES L R
SR AT S A e m el VSS9 AV + wﬁ.—.“ 1}\)"“[_“‘.
NN
X9 N, washout pattern (11 ATA)
Log FN2
)
I
1
1 |
I I
1 |
-
! [
|
| |
| |
[
| I
ro I wliy=82tlpe
| ' 1 w2 1 y=3.9+10700%x
I W @3 iy=10+10m00
v I
0] It 1 1 1 il 1 1
0015 10 20 0 70 50 n
296 588 876 18 152 sec. 1ATA

(sec. 11ATA) -

10 N, washout (1 ATA, 11 ATA)

DR DY TE U BRI, ERE N, % @ HE L BIE T oMK ERRCBE T 2R« EE RS

P hXe b REERE T Th, KRELRZK EEZ T B,
HIEHEKS & EHRLTW 5,
K100 FEIZR TR, 11ATA TR 5 Nyt = =
W LR (wi) % 320D segment (i) THL EERE T TERBEREOBIEEYHIE T

T2dhDTHD, av A=t AV MR 2EE X, EEomERL c BGEHET S ETRER
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BEERI-T, BE, ThOLOBBIEERL, &E
chamber DA TERIT 57D, v 7V v IrH
ADKE, PARESCREBECHILHEN, #
BEOBEARKE T, BIIRESY MR E
BT 201, FRERTETH >, &Il
FVEKEED X 51T, FEECBEVENTE«ORE
FARBL T B & A A — ORRIEEEIRE 4 50
T%55%27C, MIEOEBEIIXELEE LT
W7,

SE, B bR LI cRERER O RIERE
RIEBEONEER, RETH Iy 7V vy
ADIEWRRKRE LS 7 ADKBERIE Y, 5
WBELEY AV Y 7Y v 7 ¥EB, Mass
spectrometer, Data processor & Of Pneumota-
chograph Z# &% & S/N L CcHEEE, BEHE
TEHHEM% b,

RERET O A 40 - RIBERIEZIIERE O
B, o7 ARE, ENRMNREE» ZEFICR
FILICREETEAIL, 7 r 75 4 ShicGHEMR
ZEHEIAT > TS LEBRD B, BEDORERT
BEERENLOY V7Y v B, BeAESE
ETHY, ThIRE, BESTRY L CER
HICE T E T, BOREEYS - THhER LS
w1/ish otc, SEIKED EOBEENS, Lk
EOMBEEBE LIy v 7Y v 738 (probe) &
b~ 25 anEEwE, BrEWENBEE (30
SELLED 26 b AR EE E E 2T B,

Mass Spectrometer® (X BIFIE KD L 5 1045
D ARE D & 10 % W R A TR R T B A fh D+
VIV IR, BESBHEVCIA-FBRC
Y RAFAIENTE, MERY Y TABTEWIEE
i, EREREBRE L& S/N kxB 5 enicEs
AEXHEL, EREREYTIECL .

&<, PH,O DflE L, Hai0EBTIE
I OEIE¥RH T KL, ™% pattern % breath by
breath THIAF L7 b 5HAITE, LERERIER
BREEE Y ERICRIE T % D& - 7o,

ZOFER, HREVEREMC, K5I
THEEKR, ERNCEERETORERIEY
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BN THZENTEDEELT VB, &8, FHilf
WikE Lty S e 7548y 7 VEEY, AVSA4V
MEBREEICTToIE, IHImE L DEKER
RAETXBEELTEY, BEERENLOERR
BRESREOAEEDOHILCEBRHEL D EE L
T\Ww5b,
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