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ABSTRACT

The purpose of this study was to examine the accuracy of four capnometers by using two premixed
dry standard carbon dioxide gases (5% CO, in oxygen and 9.8% CO, in oxygen) and to evaluate their
performance in patients undergoing laparoscopic cholecystectomy.

Capnometers studied were two infrared analyzers (Novametrix 7000, Datex Capnomac), a Raman
spectrometer (Rascal) and a photoacustic spectrometer (Bruel Kjar 1304). Bruel Kjaer is designed to
display the Pco, of a gas which is internally calculated as Fco, X (PB-47) where PB is barometric
pressure and the Pco, readings of the standard gases in the present study were in the close proximity
of the Pco, values of the standard gases calculated as Fco, X (PB-47). Other three capnometers
showed the Pco, readings exceeding the values of the standard gases calculated as Fco, XPB by
1.9-2.6 mmHg for 5% gas and 4.1-6.8 mmHg for the 9.8% gas.

capnometers use the equation, Fco, X PB for the calculation of Pcos,.

This suggests that these three

Arterial end-tidal CO, difference, a-z1Pco, was negative in 6-16% of measurements using Rascal,
Capnomac and Novametrix, whereas Bruel Kjaer did not show any negative data.

In conclusion, although all four capnometers studied proved to function reasonably well in the clinical

setting, the capnometers which calculate the Pco, of a sample gas using the Fco, X PB equation may

give us higher than actual Pco, values and may provide us the false negative value of a ¢rPco..

BOLPESUREE 7 A I ERER (7 A—=%)
X, sEfiksh, 2OEAERE{FHEE T
WBEY I Thhbhid 2BEOEEY R &
AWT, 4D A 7/ x—% OREE % LR S
L, $EMESETHERHMCB T2 4807/
A—FOERAEERN LD THRE T %,

MR FHE

1) ¥ A X BRE
FEEICIZERES A 2 2 EER W, FDOHEMK
X, R 15CO,:5%, 0,:35%, N,O:60%
T, #X213C0,:9.8%, O,:30.2%, N,O:
60% TH o7z,

AfEDAH 7/ A—F 13, RASCAL ANESTHE-
SIA/RESPIRATORYGAS. MONITOR (AL-

* MRAFEFHKES DA ME #
** HRAF R T O R CR B R

BION INC, BAFZ A4 ), ANESTHETIC.
MONITOR. TYPE 1304 (Bruel & Kjaer INC,
UFTZ7YVax vy 7—), NOVAMETRIX
7000 (NOVAMETRIX MEDICAL SYSTEM
INC, AT /v 2 b Vw2 R), CAPNOMAC
(DATEX INC, UTAHTF/~v 7)) OXEH T
A= BERL,

BH T A=Y DRBIX, FAINVET T UE
ik, 7V a7 —IiRFESEE, /v
ANV I REDT = 7 RRIMERINGE T,
FL/NA MY I REZ, AL VAN —LH,
b 3FEX, ¥4 FA VY —2BTHY, 747
DERDL IS ABEEZRANL, YAV IV
AT 7TV aI VT T —TIZFr 744>
Fa—T2BW, SAANVTRERF2—7%H
Wz,

BHEBOKIEIZ, FAINVET) 2T VT T —



— 114 —

AT 9% 25

R
=IRiE=SE
IPPV
—HE#
=l I P—
= O ____:ﬂ
|— \
! oYe)::!
nasam) ‘UO;
154
(1 EHESREBROMEAN
BEF v /N — ATR ——————
(1S4 RY Y 72R) 1
Y2 TY Y
Far—T
FUAINTT—
RERFa2-7 (ZJ;\?}:/? j
X 2 EBREIDOFES CO, fiE
B L URBEERETL 2,

&, 3~6 A B 1E{T, A7 /=y L /N
A MYy 7 ARFERRTCLTITo Rk, By 7/
vy 27X, EHFY Vv —yarHTRARZIVE
BB IE 21T 5 720

1 D& ITHEESRAERREL 2 E ALK
2o R 2500ml, ¥ [E %10 E/45 D
IPPV TH R 2H L, iA» 5 100% O, # A %
RHEZH L - KB %2, SEAKEDRELR S (762,
752, 760 mmHg) H 2 5t 8 El{T- 72, 100% £2
FIKERLRDOIERES A A L 2o e BHRIE A 7
I A—=FREF ¥ v N—TDRERLAKE &L B
HEBEZBET B TH 5712,

2) EERHFSE

RERESE TR HIMT #3215, ASA I~1D
BENLENRLEL, AEI TS/ A—FDEH

B ER 5213 (F¥+£SD), &K 163+
11cm, AE59+10kg Thotz, 2L b RE
NiFEER, BR, £5, 1V 7y, HtEsk
S URASER E L, 1 ERSE 10~12 ml/
kg, FERE$10~12 [/ & L, MRS E
Bk Lz,

KRBT ADHEZ, B2 DL CREN
Fa—T7OO@IKICAAL YA MY —2BIDHIE
Fx oN—EFF T Db AT &% LIRICY
ARAM)—LBIDY>F) v T Fa—T%D%
EREEIT> 2,

KB AR & 0 @RS AMEICZ2 D%
B < 72 & i Paco, 13, & BB HiE » 25~35
mmHg 22 X5 L7, REEY AKER, R



AT 1992 10 A

R1 EBEFRLHT ) XA—FHERER

B 2 5% CO, | 9.8% CO,
REJE XFco, 37.9+0.3 | 74.3%+0.5
Z A AN 40.1+2.3 | 78.4+3.9
JNXNY y TR 40.5+2.3 | 81.1+3.8
v D R 39.8+1.2 | 81.0+2.8
(R&KHE—47) XFco, | 35.6+0.3 | 69.7+0.5
TV 2T NT T — 35.9+0.9 | 70.5+1.6
n=8, #fi mmHg (Mean, +SD)

BE 34, 54, 1043, 1543, 3043, 60 43 Bhfk
M4 R EKESR CO, FEDOHERTo720 %
7z, 2HEFIF2HTIE, © 98.5% O, &
1.5% 4V 7Ly, @ 60% %S L 38.5% O,
E15% AV TNV CDREN A EZKREICH L,
HT A= DERU L B2EE RN,

& R

1) HEHEN AT L ARRE

BHGRSAZ[ELERERL ICRT,
5% CO. #Z¥#e 77 213 K& X5/100 Tt & & 1
37.9+0.3mmHg (*¥#+£SD), 9.8% CO, # A
I3 74.3+0.5mmHg £ % 5, SDIZF KKREH 3
HEZz-lZehoEhiic, ZAAN, 47/
vv7, /NXMNY v 7 ADOREBIZTRD I
DFEM LY EL, 5% Tid 1.9~2.6 mmHg,
9.8% Tix 4.1~6.8mmHg b &> —H 7
Yax)vs 7—13 37°C DEaFIKEKETH % 47
mmHg 2 K&K ED» 55 \w7zd DI Fco, 2F L
7{ETH 35 5% CO, D 35.6+0.3mmHg, 9.8%
D69.7+0.5mmHg IZ & & TIHHEWETH 3
35.9+0.9mmHg & 70.5+1.6 mmHg » /x L
7ze

BEFER O |\ K#135% CO, # A T4.6mmHg,
9.8% CO, # A Tix 10.6 mmHg TH -7z,

2) ERRHFSE

REHN AKBE L £ b I Paco. ® Percos & 1
BL, BRETFHYImmHgEML 72, 4ED
AT A—F LRI EDEZ, B3 KRT LD
2, 7V a7 —-RbAREL, [EFIEE

mmHg

a-ETPCO2

— 15—

6.5
O RASCAL
O NOVAMETRIX
6 A CAPNOMAC
© Bruel & Kjaer
5.5{
51
4.5
4.
3.5
3
2.5
[ 10 20 30 40 50 60 70
CO2 Pneumo Periponeum Time min
3 ERILY & O FHEME

& 2 Perco: M Paco, LV EEERLE

PN Rk
BT A=Y A B | B/ 2 BIE EIR
5 R AN 7/30 20/208 [a]
HF Iy 13/30 28/208 |u]
JINANY w7 A | 14/30 13/203 [a]
FYaznesrT—| 0/30 0/20918

HEIChRY, 7Vazayr7—idftho 3D H
T A= EFEEN DT (P<0.02),

PETCOz 0)77‘17@3%@& ) j(% @fﬁ%ﬂ—'\'?}\ﬁ
EHIBUE, R2WERT LI, A7/ =y oR/
NAMYy 7 ATRIFHOBEZCR S50, 2l
EEED»S A5 L 6.5~13.5% FKEL, TR
VT 9.6% FEEL, LL, 7Vaz Vs
7—Tix, 1HIbREL > o7,

ERICEDHER, SAHN, TVazy
T—, AT /<v 7, HEHEED DEEZ W
W, FEHETHL /N A MYy R, 60%
ER[EHFEHAL T TEMERC L E, Perco:
H 6~8 mmHg &< FRrI Tz,

z =

BARMIERIC B W TR A A SIERE SRR/ 9 2
o Paco, B LHEL, ZHIZHEW Percoz d



— 116 —

AL, 2D%E a-erPco. (3 [IERFE 2% 60 723 LA
WTRE Lok, LItS>TH TS/ A—%
1%, Perco. ZBIE T2 Z L2 & D Paco, M iEE
TE&, EAREETHL Z EBbhoTz,

Perco: & Paco. & ORICIRBES £ T 5 R
&, BEOWRLBEROZENL, MES A SO
r5—-BE8ELEBFEFPH 5, Lipl, A7
A= DBEZOLDUREELETFLEZL
53,

Ah77 A= OBEROZER, BKRAITER
Paco. &E Tix, 2~2.5mmHg N TH ", 5%
¥ CO, # A TIE, 4.6 mmHg N TH -7z,

RORKEREEZELCLDR, ERMTEER
BET2BBRTEAEIC LI EETHoT:, ZDFHR
EZREZDFLREY ADFICEREL, REFA
DBILA 7 bV A %ET3HE (collision
effect)? 2 X1 X D&, I HRANETRINGE
DRED1DTH5, ZOFERIZ, Raemer® O
mEE L —BL

SEHW ABEO A 7/ A= 1F, wThd
BEK AW O BIF SRR L7208, 4 &
MoEz24UCRERIEZE, © 2FERAECBENT,
RERE» S KRBKIEDOFHIEDEE, @ BBEOK
B, @ F7atrFa—TOEROEER LM
Ezohb,

Severinghaus® 23f8fi L T\ 5% X 5 RN T
Perco:=Ferco: X (KRE—47) BIELWET
HY, KESHEEZL TORLEETE2—Y—
DRHETZ2LENDH L, ZOMERTTORWVEIE
HPco, VRNVT2.5mmHg BEDEZ24 LU
%, BIIRIMAERIESREE A A 53 EEZE a-erPco.
DHRIHRBINGEOHEE T LIE L IEHERT % DI,
ZOHEEDBEZEN 2mmHg & K EZ WD
E20E», ERFEL TR CiTbhiadro7 2
&% Perco: %3 FETCOZ XX%E £h E:‘fﬁ b
ZEBNKRERRATH %, From? i3 RAHRBIN
BAT/ A—5 6 EEHEL 12mmHg DE% A
T8, BEHMOZESKEL I EE2ERL TV
50 AIW[&EP%’E%MEPT@ a-mPcoz bi'[ﬂgﬁﬁ%
BEDNEEBRET3I~6mmHg? Lt HEEINTE
Y, Perco: % Ferco: X (RRE—47) 53K
BEmMED a-grPco, DB R S Z L IZEREEER

ALHR: 9%&25

RO T CREGRSRI SR L & & e EVE R & BT
LIV rnweEzonbd, + 744~
Fa—T7RKECLIBEERFHEL, XV IEML
HEZb06F, BEIZAZHALLERIZE W
Ty 7V azxzn77—»Fco, X (KRE—47)
ZRLIWERZRLEZE, BERHAITTY) 221
77— a~prPco. EDER B R & <, HERFHD S
—BDuroBER, BRTOHRE LY IERHE
KKRMLTW2bDEEZONS,

DEDZ LI DAT /) A= 2HHT BT
2, 1) F¥V 71—y ary2ELLITI 2)
Paco, Lt DB %175, 3) BEORHE RS
Ho>TBL, 4) aerPco. HBMHEKRHE/NT 5 KA H
BOPEET S, ZLEFELMFEHAT S I LK
YITh s,

ERLCAEL 7 S —yOFHERE%:, H
BLTAHALERIDEITHS, FAAN, BT
IR, TV az Vs T —iE, MEETAE=S
WRRET, FAANET Y 2z VT 7 —id/nox
V, VTNV, AVYTNVY, ERTZ IV
BRETES, /NAMN) 2 RAETY aT Ly
7 —l%, Spo. s AR A F¥ 7T I HBRETE
Dig

BTV TRER, SNANY v T REAA
YAM)—=LBTHEI0Y ) TBEONE
B, WL/ AZy bV IEETHY, /I
WoE=F L LTHERATZENRTWVS, ¥4 F
ANV —2BOFTE, V2T T —3Y
7Y > 78 90ml kB0,

FORE TR, AIEMCERKEDES WY
VaZI Vs 7—, ZRAANVBHEEWVD, TR
WIZBRELTIBARETHE 2D, HE20A
DPEoaverybEEER L 200 E RSk
W, Ry —7NVEFEHRAT A —/N—E—}D
fERREL D 5,

HBEPKEETIE, AL —FEHELIKEL
T, MROMETOERICZZVERH S,

HEERZ, Y7 I Fa—TREEF v~
=B B, BEFHALAIGETH 2, # 7/
Xy ETAANE, BRAF Y TV —varh
ART NIV HAPBLETH 5,

BB FELOER LR ORE, 4Es 7



AT 1992 48 10 A

—11f—

xR3 4FEHT ) A—FHE

Z AH N SISAPMY w7 R W& 2l TV az)er7—
" E B B B & R
0., N, CO., N,O Co.. S 0., CO;, N,O 0., CO;, N.O, SpOz
AEEE HAL, ENFL, ISO k; gﬁe HAL, ENFL, |HAL, ENFL, ISO
y u
SEVO, Resp, Pulse P ISO SEVO, Resp, Pulse
TA=AL7 v THH 5 min 6~8 min 20~30 min 1 min
Y7 TRE 200 ml/min — 200 ml/min 90 ml/min
CO, IGEHFE 200 msec 125 msec 250 msec 53.3 msec
BT mmHg, % mmHg, %, KPa mmHg, % mmHg, %, KPa
_— BIE 6 »AIc1mE fgE (BEXNV) & [ 1~3 » Aic 1@
%)
ER 100V 15A 100V 0.8A 100V 1.2A 100V 0.6A
HE 38.6 kg 9.5kg 11.0 kg 12.5kg
IV T Fa—T
Yy IV IS Fa—7 Lo )/7%\1 . e R
W # & (57 44>) BT+ > 79— FFEHFL | PRTVRTToF
- 0. HEREFr ) L —v (7 st )
TNTH A 5
avHA
HAL: o+, ENFL: =>7nrv >y, ISO: 4V 70 vy, SEVO: KR 7V >, Spo, : 7SIV A A
*3 A—%, Resp: FIRH
A= TIE 7Y 2y 7 —h b BEREIC T AT 2208508 0WEH50, E=FITbHD

WEEZRL, LD 3FEDAH 7/ A —F BEEKRFER
Etac#FoEsBo ohn b s, sFEROEN
ZED 7TV az sy 7—& D REWERZERL,
ZOFER a—prPco. VAR R ZF2EL S Z L2
H5,

% R

ABEDORBORR LA 7/ A—5 DK %,
RN A LRI THE L 72,

h7 ) A—VEEROER, BRAOEE
Pco. & B T 13 2~2.5mmHg ® 12 » b 5%
CO, fE# 4 A TlE, 4.6 mmHg TH - 72,
TVaz V7B IBREL O EELS
hol, ZOBBCIBHEOBEDEINF 744
vYFa—T7 %M, ENKERJERMER{ToTWY
ZZepEZ N,

HHEOB SR o A BEOBBROILRE H
bR TUTo T, BRTHERT 2854 Perco: PE
FrE=F L TR2», LEFHIBLELUE

HHEIBEO LD ICEEEOEVEE KM T 27 2
INVT T —BENTHWE EBbiuiz,
(1991. 10. 28%%)

X ®

1) # FE, AW & LHGTIED  ERESN
JEEMT & IERREE A AT =, EERAREE 15
719-722, 1991

2) Raemer DB, Francis D, Philip JH, et al:
Variation in Pco, bettween arterial blood
and peak expired gas during anesthesia.
Anesth Analg 62 : 1065-1069, 1983

3) Pillalamarri ED, Bhangdia P, Rudin RS, et
al ; Correlation of end expiratory CO, with
Paco, during laparoscopy with CO, pneumo-
peritoneum. Anesthesiology 59 : A177, 1983

4) Bramptop W], Watson R]J : Arterial to end-
tidal carbon dioxid tension diffrence during
laparoscopy. Anaesthesia 45 : 210-214, 1990

5) Raemer DB, Calalang I: Accuracy of end



— 18—

7

tidal carbon dioxide tension analyzers. J Clin
Monit 7 :195-208, 1991

Severinghaus JW : Water vapor calibration
errors in some capnometers . Respiratory
conventions misunderstood by manufactur-

ers? Anesthesiology 70 : 996-998, 1989

From RP, Scamman FL : Ventilatory fre-

8)

ATRR: 9&%25

quency influences accuracy of end-tidal CO,
measurements. Anesth Analg 67 . 884-886,
1988
#ORE, NEETF, RANIEANES ¢ R
& aerPco.. HABKMEF =58 11176,
1991




