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R—TDIEIRIER (1891) »5 120 FLUIENRBL, /-, SHROLEHLTERE/MERTHIRILA My
7 «h7T /%5571 (volumetric capnography : V-Cap 24f) D5LERT & % - 7= Fowler O Equal Area Method (1948)
DPH5H 70 ENREBEL . 1981 F. Fletcher DL E 1 —fGXIC & > TEELMAIFEES AT H B S W TLIE. 6B
KEZ4EHROEENTFY . 0 FRICE VW DPOHEPTIHFICH, ThE5ESHETHRVTWVWSY, 30 F
ELPRBBLEICHEDPPDOLETRERICERTIETICRESTUEL,

AEOBMIF. BEziRYRY) . BESEHASHICL. ZOBRKREAHL, BRT—22NEML. Thb
DIFERIZEDWT V-Cap DT DOF - L rlEEM 2 REBICLKHSOER 2 ETHD, ThiCL-T. B5LEIMBER

MICAP RS WD Z &2 HHT 5,

I.I2LC®IC

SHEROWTHEMHENS CO, E=713, K
B LTS o Zigfbik 3 CO, e D ZAL % 3%
EERTEHELOTHY, LFIhEIA L - HT )T
2 (time capnogram : T-Cap) & M5, T-Cap E=
7)) v 7 ofEnE, OEoA i, @55 E PICO,.
M-SR FRALIR F 5T PErCO,. @WIEOTEIK, 7%
EOMERT D %o P A BN 2 KM TFAr, FERRARAL, fili
B, HlE 2 EOMIERIZB W T, PerCo,
EERIM —ERIL i #E43E  (partial pressure of arterial
carbon dioxide : Paco,) & DRIk E 2Tl 4 U=
FTLODEFEHIIRELIKETT %,

s, — s (V) 829 % CO, /2 ko
WIEFRIEERY) 2—24 - #7775 24 (volume capno-
gram : V-Cap) &I, Z® V-Cap |2 & 50D
ANVANY w2 - AT 727574 (volumetric capnog-

RLER TR DFERsE > 7 —
[ZfHH 2019451 A 11 H $9RH 201944 A 11 H]

raphy : V-Cap 7°#7) T®H %, V-Cap OIIEHFEIL,
W RO E /ST A—F D1 DTH5H VCo,2F
CO, —MIHEZHE T, X512 (Vb) 122V T,
WA 5 I FEIERER 25 b, Paco, & &bt
VaRaace il P IA dh =l i) ORI 3= 0 S ST (I

ZNFE T V-Cap T2 VT, SIS 5
(acute respiratory distress syndrome : ARDS). JiliZg
fe. BEBE RO, ST IR, R iR
Ko M. PEEP 7 EOARHE, ) 7 V— b A Y
MhSE. A LIREER 2 & OFHli2SSAA BN TE 72 2,
LA L. VCO, & XGBEIEHER 72T TIIA R, Fhbl ki
FRIM Paco, 2SWLZE, A FRZMFENER 721 TR 554
TERW, MRS ¥ v MOEBE SRR G
AR, ZEDHBATERIZIEES TR,

I. R—7 D3 EBLE E Enghoff (CK 21EIE

B G DA TH 5 R — 7 DFERER Vpbohr/Vr =
(PACO,~ PECO,) /PACO,. Db EiikoTins
YET MG [~ ETR O Co, =ik, fiftitaEdo
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CO, mIZEL W] 2F ) VrxPECO,= (Vr—Vpbohr)
XPACO, TH 5 Y, K—T7oHERIL, FEHTTRE 2B
(Vr - PECO,) THEHH 22 (Vobohr - PACO,)
RERTHHOTHY., S0 [EhT] 4
Y7z, S HECHRICHSRE 2RI EEF
> T&X7
1938 4E, PACO, Dt 112 Paco, % v BHR%EATS
n7z Y, (Paco,—PECO,) /PaCo, T S5 SUHEHRAHE
FEEFERESR Vpphys/Vr TH ). Enghoff 12X 5 R —
TROBIEEIFFENE, Ax a TRATZEVHIZ L
X, a- AEOEFEIBMEINIZ EE2ERT 5, a—
A 7O F Y BRI & Ao CO, /3 EZIT I, BRIk
MASEIRMAZ R AT BHEASND > v > b IR
%o ZDEMT Enghoff ®HliFIFEHE Vpalv(eng)id, ¥+
¥ M ORI Voshunt (¥ % & MZ X 2 “RILKFE
43E {partial pressure of carbon dioxide : PCO,) ¥/
ZRMERICHRE) 2EOHMETH Y. AROMisLE
& LTIHBRFITH % ¥ Voshunt iZLLF DX TR
F#TE Do
Vpshunt=Vpphys—Vpbohr=V1x[(Pac0o,—PECO,)/
Paco,— (PACO,—PECO,)/PACO,]
=VrXPECO, % (1/PACO,—1/Paco,)

. ETFERIEESTOESR

1946 4F, Fowler I3#MRFWAZOPL DR N,
A WE L. N, A & Mmoo FHiIc 7 e v b
L7z MR BISATE 2 O FEIHER & I B O Bili o SR
O O 7 HEFHI ST (Equal Area Meth-
od) Z#A L. FEHEHRSR Vo LR R Va 25T 5
xR, TN ER—TREMSORMENEILT
HoHELIY,

N, EEDETE & S i B F Nz miR i, N, — i
H&E VN, TH b, 2O VN, IE—HOMHRED [HE] TH
D ZOBRZMAD [Dh] [RTh L) OH%E
EGHMOIART 2T b ThHD, LUl Eh o7z
L E3NB Vo, —RIC—EDYfEE LIz &5 Va,
ZHUTZFDHED V-Cap SLEGITIZB W THHKRINS
DOTHEBLTBLLEDPDH S (Fig.1)o

Z D Fowler ® Vpld, # A DBEY 72T TH A5tk RE
DHEWVZEHE LW FIRT, 4 H TIIELE (airway
dead space : Vpaw) & 35, NLHEASE KL 724
H. #4093k (anatomical dead space : Vpanat)
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Fig.1 Geometric representation of Bohr's dead space
by Fowler ® (modified for alignment)

Bold line is N, concentration curve of expiration after pure O,

inspiration. Dead space volume (Vp) is defined by the line of

equal area (A=B).

VE ! expired tidal volume, Va : alveolar tidal volume, VN, : ex-

pired tidal volume of N,.

iz, AL SRS (REF2—7 - 740 %
ot atrryiel) OFMSLEE (mechanical
dead space : Vbmech) Z & &, S5 AL ZRD
RE—VFiE (70— - E - KFH) 12X THHE
ENBDOH Voaw TH b, 72& 21X WK T b—K
MAERESINE L, ZOMICHifaR T CO, XX DIk
S EDSEM AR L Voaw 384T %,

1950 AERUC A D £ % S DD 72 7o ZDHRE
513 1981 4E Fletcher ® L ¥ 2 — |2 & D BH X,
G H® VCap T OMFER & %5729, HOEHBKIZ,
Fowler ®%BFEIEZINZ T Paco, D& BINT 5 &
T, Enghoff 81EX % 8 A2 MR TERILZ
ETHb, 2F 0 [ABFEMIEHE Vophys = 5EIEHE
Vpaw + filif5EHE Vpalv (eng)] DBRASHAE L L TH
~EN7: (Fig.2),

21 HAEICA D B b V-Cap AT ICHHEK L 72 1 A% Tang
Thbo Bim L HROMIE T V-Cap WFFE% HD 71T,
Fletcher O HXNC 1 ROMEMZ 5 Z & TFIE%R L
A58 Vophys 2 20 BE L. [Vpphys= Vpaw +
Vpalv(eng)] %5 X il ECTRT HEERLAY,
SIEIENE % 73 ) B Fowler @ Equal Area Method (2%}
L. BN IENE % 5500F 5 D HY Tang ® New Equal
Area Method TH» % (Fig.2),
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Fig.2 Geometric representation of Enghoff’s physiological dead space by Fletcher (left) and Tang

(right).®? (modified for alignment)

Left : Two lines by Fowler and of FaCO, represent physiological dead space and its subdivisions, airway
dead space (gray) and alveolar dead space (shaded).
Right : Vpphys is defined on the X-axis by new equal area method, a smart arrangement of Fletcher's.

Enghoff's alveolar dead space (Vpalv(eng)) is the difference between Vpphys and Vpaw.

V. EFAZRFEEMMIPTEhTE L
KEEBRA b

—BI DI, KB A Bl 2, %@ﬁ!ﬁ%%

D7 <'$5”?7'7‘Z753 Fh, ZNH2HHFITRE LA

JEASR AR E PECO, THY), AL YA M)
— coz YL T =t VDT — 5 b PECO 00
FECO,=VCo,/VE CilE &N 5, 2F V., VCo,/ Ve IE
P4 ImL 2% mL @ CO, RSP S 2720 & v
AT ETHY. —HIEAE Vr @ CO, HEiltwhR %2 K L
TWb, FCO, IZF A A 5 RFE R 2 By 7S
® 5 PCO, &4 (Fraction). 2% ) FCO,=PCO,/
(latm-PH,0) TH» V. —%E 760mmHg - ki 37C -
fARIKZESRIE (BTPS Bi8%) Tix. FCO,=PCO,/ (760
—47) Th o LFED 2WERY FCO,=PCO,/T13 T

HED 5,

R —7 K VrxPECO,= (Vr— Vpbohr) XxPACO, &
Enghoff 1% IE 3 VT x PECO,= (V1 — Vpphys) X Paco,
® PECO, IZVEH T %, &7 2 £ 12 Fowler (1948).
Fletcher (1981). Tang (2006). Z®OR, #LT%h
DRt \Z R 5 £ T 70 4212 H .2 %A F 0SB IE 5T Ak
ZEDOVTIUTHIREENTHH SN I & 72DAPECO,
(=713xXFECO,) T®» 5,

ZZ T, FH5H Tang @ V-Cap 5#712 FECO, # 3%
EMA7=DWFig.3THb, DA ZHI>THEBZHED,

FECO,

Volume

Voalv
C::> Voshunt

—
(>

Fig.3 New V-Cap analysis based on the line of mixed
expired FCO, (FECO,)

(D The dividing line of shaded equal area (A =B) represents
FECO,.

(2 Respiratory dead space (Vpresp) is defined by point G.

@ Alveolar FCO, (FACO,) is defined by gray equal area (C
=D).

From the above, Enghoffs alveolar dead space (Vpalv(eng))

is divided into pure alveolar dead space (Vpalv) and the dead

space effect of shunting (Vpshunt). See text for more expla-

nation.

ZFOWHEDEER A=B 127 5 DI REGTE FECO, ®
WTH Do RIZ, QW-HBAMED S 2D FECO,IC#ET 5 F

May 30, 2019 59



Tsukakoshi S

Table 1 Arrangement of dead space concepts based on new V-Cap analysis

Dead Space Volume

Bohr (Fowler)

% Bohr's dead space (Vpbohr) -

Bohr-Enghoff

Physiological dead space (Vpphys)

(Fowler/Fletcher/Tang) Airway dead space (Vpaw)

Enghoff's Alveolar dead space (Vpalv(eng))

Physiological dead space (Vpphys)

New V-Cap Analysis

Respiratory dead space (Vpresp)

Shunt dead space

(Tsukakoshi) i
Airway dead space Alveolar dead space (Vpshunt)
(Vpaw) (Vpalv)
V/Q V/Q=o0 V/Q#1 V/Q=0
. tomical
. ::CE:;C;I Conversion of VCO, reduction by | Conversion of PaCO, increase by
Concept V/Q unequal alveoli to dead shunt blood flow to dead space

 influenced by ventilatory
modes

space volume volume

* For Vpbohr it can be equivalent to Vpaw, but since the concept of Vbalv was undifferentiated at the time of 19th century, it is not

irrational today to think that Vpalv is included in Vbbohr.

TP FERE R (respiratory dead space : Vpresp) &
L¥D % Va k95, ®ZD Voresp HIIZHR ARG C &
LV D &R AMAEF &, 2% FACO, £ ¥ %,
THOSMmMEA=BE C=DIZ&Y, #H72IZ Vpresp, Va,
FACO, & 5% Vi x FECO,=Vax FACO, = VCo, %3
SN %, V-Cap LT 2 ORAM Y 0 i FECO,
EDORE G UM, TDXHIZ VCap IEE [
J1 LT A=7RiImeI 3 L2281
BB TE D, EBIZT X M2 CO, ZMASE, &
DML TIERE DT % FEhE L 72558, Voresp LaBI3E
P & OMICEW—HPBHER I N TS 19, Table 1
DL S R SE IR B & B T & OBIRE R T,

AT R O AR FRAA R - BRIRIS I S PRI oW
TIEEH S S I E L Bbh b 25, AR
BE CPIiEE) FECO, IZ#ET 5 $ CREMHRAELE L
TYIV BT, 20y ETHiEME C T FECO, L Lo
ARSrTHRE D 2D TR L 3§53 27 M,
L5 9DFIES ZHUCLTA U TAY VBT, 20
YO HETH 4+3+2+1) T6 U ED 10122
G (4+3+2+1) ZHDLNUEAALF L TH S, 72
ZZLIEAAITFESES 26580 LiF50TRRM
KEHIZ 7% % o

V. 7274 DNVEBKEZZD/:HIC

Fig.3 % 90 A~ iz & & X §ih % FCO,. Y #h %
Volume & L7zDH Fig.4 TH 5, A— 7R & Enghoff
BIERIZ. BORLZ 3OORFEOBEMIITNY
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VCO, THAHZLEEKL TS, EFEOLHE (M)
% Volume = VCO,/FCO, @ LI Bl# TRy Bk D%
1b& LTHIRSINS Z 055K Equal Area Step
Technology/EAST CRITERITZE, HA) axdh
TWwh, XYY # ANEEZ 2 LIZE - T, KR L
filifa a1 V-Cap OB EIFIGE R L 7R 1
W77 LTERBEN, 7974 ANVERIRE=S
B L, 2B, K—=7ROEEKX (VE- Vpresp)/
FECO,=VEe/FACO, & Enghoff BIERDZEER (V-
Vophys)/FECO,= Ve/FaCO, i¥. Fig.4 ® 2 DD =
BICEENLERN2OOMP=ZADY ¥ 2 v bAs
FlLnZtzRLTwb,

V1. fifaR4E PACO, DEH

i fg &5 PACO, 283k H e wnw 2 & A, 120 4F
MR =7 XrEm Ik E > 2 BETH 5. Hioirik
X, CO, —EIEHE Veo, &) TR %, IPIRSEE
Voresp B\ 72Va® [UiiE] £ 5230 THb, —
IS T L VCO, &) IR ERE L THIDTERS
M5 2D PACO, &, 5K &% 2 b,
MR (EDEA) 4 H Perco, & %04 LR & 2l
ZRY o %% SN 2 M3 R T, T
HIAE M & W S D 53 22 AP 123 LW iuE i
3L, FEICE LT SSRGS & @
LCIDCISET 2 I h . Mg S Mila~ CO, ks
# A PACO,>PETCO, £ 555 Th b, Fig.5 17T
Y. V-Cap WIS & o TEATEMITRKD SNz



Volume
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Inverse Proportional Line
Volume=Vco0,/FCO,

A

vCco,

FECO,

FAmMInCO,
FAmIdCO,

FerCO,

Fig.4 New V-Cap Analysis Method —Equal Area Step Technology (EAST) —
By exchanging X/Y axes of conventional V-Cap to X (FCO,) /Y (Volume), total geometric repre-
sentation of Bohr's equation and Enghoff’'s modification is made clearer.
Three black dots on the inverse proportional line represents the following equation.
[VEXFECO,=VaXxFACO,=VaxFaCO,=VcC0,] See text for more explanation.
‘EAST’ and ‘Equal Area Step Technology’ is the trademark of SENKO Medical Device Instrument

Mfg. Co., Ltd. Tokyo Japan.

during pneumoperitoneum
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Fig.5 Correlation between Novel end-tidal Alveolar partial pressure (PACO,) and Con-
ventional end-tidal Mouth partial pressure (PerC0,) during and between pneumoperito-

neum ¥

PACO, i& PErCO, & —E L T\W5b, ZHIEFHHHED
HmIICIEL WS ED 1 D0 TH %,

PACO, # % < 24O #m Tld, Tusman 5D V-
Cap HIEHE =M O PAmidCO, % b - THlif& 5 E
PACO, £ T2V E I TH S W, MEPIZEZ ML
filac 2 RET 20T, 2o rEd sz il
SOELTHOIEAKRD LI ICBbIL, L LE—
TRPROWH LN L H 12, MK & seE R IR R
RS NATIUE R bR, &5 PACO, L2

%5, ZOWED Vp 75‘17%%‘?75"5:]7% IRTLEND

%o PAMIdCO, (2R 9 A IEHEE X AGEILNE Vpaw 12
ME$ 5, (VE—Vpaw) %ﬂﬂiﬂ’ﬂ?ﬁ@;ﬁif‘: L7=& Zolili

MR A PAmIdCO, &9 Z k127 % (Fig.d)o @
T V/QAHEZEHKE T5 Voaly OEFZDFD/2
Ml E LB CE D, TND 1 OOFEZTH
RANCAH DS 2005 L v,
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VIL 37 L WB2RSERE 24k EAST IC£ 2
BRI 72

Tusman 5 1&, LG EEKEFHF o) 7 v —
kA2 N FHEEHIC. HEk D V-Cap 5T & IV THR)
EHELTWa 2, [ LM OBESMRE SIS
TRy SRR IR 2% (robot-assisted laparoscopic
radical prostatectomy : RLRP) @ kBl 45 3 ¢ i,
HRMIE DA S %2 A U3 < SN o fa Bk 23
Vo RS 1E RLRP OREIFIRE R BT, HBR
BhRE (SEISIILE BPmean - 025 CT - — W HREZEAL
SVV) OZEZHRICL T, 320K E—F, K2
— A3 ME—V5 (volume controlled ventilation :
VOV, WAMEREHILT/E=1/2), Ly ¥y —av
b — V15 (pressure controlled ventilation : PCV,
IVE=1/2), #VERT LYy ¥ —a ¥ Fu— Vg
(pressure controlled inverse ratio ventilation : PC-
IRV. IVE=2/1-15/1" 1/1 SR 7 0 —FIEE#1C
IR FNENOFRERIWT BB E N LT #
OFEH, EFFMIEPEE Vophys &, VCV>PCV>PC-
IRV DIHTHEIKT L. KB HER Voaw & VCV
2k L PCV & PCIRV THEIIRT L. Ml s ik i
Voalv ICHEEZER L. ¥ % ~ MEEERE Vpshunt 1 PC-
IRV IZBWTH LW T2 S 7ze PRSI, 8
I/E WO RIIERIC X D) 7 v — b 2 ¥ b %)
R & IS IR [ e 12 & 2 I e ARG IE R R & 12 X 5 C
Voshunt 2584 L7z L 2 T b 10,

FIE TR Paco, & PerCo, D3 a—ET 245,
CT Wif2 S35 M7= AU & @ AHBY (v =54x +
05. R?=092) 1ZdH 5 &) #FHEAS, 1980 SF180 &1
i CT E{& 547 Tl &M % Hedenstiernal 7 )V —
7® Strang S5 HMTW 5 B, HFHS O 2018 FEH A
IRIMR 2355 65 [MI“FAfid &y (Bi) ToMEICL 5 &,
ST 10 B2V TERIMC & % Paco, 54T % &t
V-Cap 7 Hi&FEMi L., a—ET Z£& Vpshunt/Ve RE D
FHB % M L7 koM@ (y=51x+05, R?=
093) PR ENTNDE W,

R OEEATIZBY 9 % Magnusson 5D L E 2 —|2
L5 L, RN 0% {3tk 24 R LN &
L. E7A G 0HE & OB 2R3 I HE Y 22 RS 72
WET B b0, MEEE R FE D TR TR
ili DB5 1R B B PFRE DAL D & S D P
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AU Il U A% V-Cap 700712 & o Ty i
DICEHIT & B &g iU, R A PHE L OB LD
WIHE LS 72 BT REVED D % o

VI. V-Cap FDEE

V-Cap 73 #T 12 FEIEHT LIFHZ b v < D o RElE
Do 19,

1. BEEMESKE (FRC) E=4U> Y

BEBEMFR SR (functional residual capacity : FRC)
F 72k & WA LMPR OB A SN2 & (end-
expiratory lung volume : EELV) ®E=%1) ¥ 7,
S % A U R0 3 D AR R SR H B R OIS LS
BOTEHEN TV, iV 7 Vv— XY bIROE
=N TICDRBOREELEZ BN D,

i s CO, S EASIPIEMEICZB L T b 2 &3 <
PHRALNTVE D, F2v 32— a Vb ITh
NTWaE ¥, InbiZks e, MilRSEIRXBB X2
SRR HALAE PAMInCO, 125E Ly ALK D S WA
1 (ZUEZENE T 2 O PN |2 il PAmaxCO, 12 3%
T %o WATIRINSE PvCO, & Mifg5 5 HE PACO, & @
SrEZEDSBRBIE & 72 o T BRI M A S lilifa~ CO,
DL B0 WEMKD 5L PvCO,— PAminCO, &
IR D5 F 7% PvCO,—PAmaxCO, & 225, WD
# (PvCO,—PAminCO,) — (PvCO,—PAmaxCO,) =
PAmaxCO,—PAminCO,= APACO, %% CO, JLEX D FERY
W ZEREIE & Z 2 b b, IEfEE LTI adriEic
X D IRHERINE S & & 2 51id PACO, 7%, ik
fili& L CIE =M & =Moo 550 2 o il 555 PAminCO,
BENZFNHIE L WEEZ S (Fig.d)o

[FRC ZEfICBWTHEZE APACO, DERBIE & 72 5
TVCo, BB ENS | L) ar e T, EHICH
$ % Fick OJEH [4i#it & Veo, mL/ 4] = Wik ikak
DLCO,[mL/ (% -mmHg) ] x 4E# APCO,[mmHg]] %
WY %L, [—DLEe Veo,[mL] = Midk#kik DLCO,
[mL/ (4% - mmHg)] / #5304 RR [1/ 53] x 53 £ 7%
APACO, [mmHg]] & %1, Vco, [mL]=(DLCO,/RR)
[mL/mmHg] X APACO, [mmHg] = (DLCO,/RR) X
713x AFACO, [mL] T Y. VCo,/ AFACO,=713x
(DLCO,/RR) [mL] &% %, & ZC. MidkkdE DLCO,
= PEHARE DCO, x il B HikE A /Bl i)E T % o T,
Vco,/ AFACO,=713% (DCO,/RR) x (A/T) T&» %o
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Fig.6 Trends of VCO,/ AFACO, in pneumoperitoneum surgery. Are these FRC monitoring ? '
Moving average of 10 sections (2-3min) is shown. VCO,/ AFACO, is decreasing/increasing in conjunction with on/off of pneumoperi-

toneum. The variation of the original data is probably due to the insufficient sampling rate (20/sec) of masimo-Phasein CO, sensor

(UsA).

B 2Rk E SBMTAR VIE A/TICHHIL, 20
V%4 % 572 FRC b A/T (/I %, 713% (DCO,/
RR) 3587 DT, VCo,/ AFACO, b A/T 12 Hfil+
%, X -7TVCo,/AFACO, & FRCIZHHIT 2 L % 2
5N5,

RIEFMF D V-Cap S 77— 7 IC L R R %
Fig.6 1279 VCo,/ AFACO, 351 ON 12 & - T ik
AL, S8 OFF 12 & o CHIINT 2 B2 R S b

2. BRI E Paco, DIEFRMHETE

4 H Paco, O IEFRIMIME 2 13 PerCO, A RV 25,
a—ET #2138 % T mmHg, 5SMEFAH % & Tl 10
mmHg 22 52 &d V%L kv, V-Cap 53 Tl
Perco, L4+ 12 PECO, * PAminCO, + PAmidCO, -
PAmaxCO, % & OBB DML B E S EA S, 2
NOEDOMIZ, &5\ id Paco, & TN H DI & H D
FHBIAELE L Paco, 2 $RIME 3 I2HEE T & 2 W REME

BRSNS,

Fig. 7 135U Tl 10 FIOSEHERIN n=67 122V T\
FRI Paco, & PerCO,. 3 & U Paco, & Pa-prdCO, (¥
V-Cap 58T O —5H8IC & 2 BT 22 0 HEE) & O
R L72bDTH S, HIURHHT OFR, R ITKE
%<\ PCO,MEIZDWTIERIE D a—ET ZICHTH
B TOEIT/NE V53K Paco, O IEFRIMLH A E A3 —
EDEIEMETHEIT S L. [Vpphys=Vpaw + Vpalv+
Voshunt] OEEEIGIFRE =% 1) ¥ 7 23EHT 5,

3. V-Cap B#FICEL B + > bERHEFE DETHEM:

WH Y Y Y MR (Qs/Qt) (RiMh OB AR A SR
BENDN, WBRY 7 —F V208 E LIKRE=%
ELTIEIEHERNTH 5, )5 CO, DE RN (mass
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Fig.7 Correlation between Paco, and PerCO, or Pa-prdCO, during pneumoperitoneum.
—Is it possible to predict arterial Paco, without blood sampling ? — ¥

Left : between PaC0, and PerCo,

Right : between Pac0, and Pa-prdCO, (predicted PacO, by novel V-Cap analysis)

Volumetric-Capnography and -Oxygraphy
*IPL : Inverse Proportional Line

i PACO,=27.8mmHg
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Fig.8 Example of O,-CO, Symmetrical Analysis with Volumetric Oxygraphy (V-Oxy)
—Fully geometric representation of O,-CO, gas exchange— ¥

R : Respiratory Quotient

VI-VE : tidal volume difference between inspiration and expiration
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Abstract

More than 120 years have passed since Bohr's dead space theory (1891). Also 70 years passed from Fowler's
Equal Area Method (1948), which pioneered Volumetric Capnography, the most dominant dead space analysis
theory today. Since the review paper of Fletcher in 1981 organized the historical dead space analysis research,
the moment of realization of the clinical monitor increased, and several products came on the market in the 1990s.
Though they are continuing until today, they have not arrived on the front stage even though nearly 30 years
have passed.

The purpose of this work is to review the history, to clarify problems, to find solutions, to collect and analyze
clinical data, and to inform readers of the new possibility of Volumetric Capnography based on those results. We
hope that further research and product application will be accelerated.
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