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Monitoring of Tracheal CO; Tension during High Frequency Jet Ventilation
for Laryngomicrosurgery

Hae Keum Kil, M.D., Won Oak Kim, M.D.,, Seung ‘Youn Han, M.D. and Sung Jin Lee, M.D.

Department of Anesthesiology, Yonsei University College of Medicine
Seoul, Korea

Background: The monitoring of end-tidal CO, tension (PerCO») during high frequency jet ventilation
(HFJV) has been unsatisfactory because of a small tidal volume and slow response time of CO- analyser,
although several authors have reported strategies of successful PgyCO, measurement during HFJV, The
aim of this study was to assess the validity of tracheal CO, tension (PtCOs as a PaCO, during HFJV.

Methods: We studied 24 patients undergoing laryngomicrosurgery during HEJV (rates: 100/min; I : E=
0.2; driving pressure: 0.25~0.35 MPa) through a 12 Fr. polyethylene injector placed 6~7 cm below
the vocal cord. A gas sampling line was placed longitudinally against the injector and they were wrapped
with aluminum foil. Continuous capnography was recorded during 20 minutes of HFJV. Every 5 minutes
of HFJV, PtCO; was obtained from the plateau value of CO, wave after the stopping of JV and arterial
blood gas analysis was done at 20 minutes of HFJV comparing PaCO, to PtCO:. A Pearson’s product
moment correlation and regression analysis between PtCO; and PaCO; and the agreement between the
two methods using Bland-Altman method were assessed.

Results: A regression analysis (R2-0.928) and a Pearson’s product moment correlation (r=0.965, P <
0.001) indicated a strong cotrelation of PtCO, and PaCO; during HFJV. The difference against a mean
scatter diagram showed a relative good agreement between the two method (mean difference: —1.58
(SD 2.22) mmHg; limit of agreement: 2.86 and —6.02).

Conclusions: PtCO, obtained from a plateau of CO, wave on capnography after interruption of HFJV
can accurately reflect PaCO; during HFJV in relative. (Korean J Anesthesiol 1999; 36: 392 ~396)

Key Words: Monitoring: carbon dioxide tension; aﬁerial; tracheal. Ventilation: high frequency jet
ventilation.
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Fig. 1. Jet injector and gas sampling line wrapped with
aluminum foil.
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i i : .

Fig. 2. Capnography during high frequency jet ventilation.
The arrow pointed the plateau of carbon dioxide wave
which is obtatined as PtCO..
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Fig. 3. PtCO; changes for 20 minutes of high frequency
jet ventilation.

Table 1. Gas Tension at 20 minutes of High Frequency
Jet Ventilation

Mean (SD)
Pa0; 134.5 (17) mmHg
PaCO» 33.2 (6.3) mmHg
PtCO; 31.6 (4.7) mmHg

= 2860l —6.028 wv]i2A £ agreementE L}E}
g chFig. 5).
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Fig. 4. Regression analysis of PtCO; and PaCO; at 20
minutes of high frequency jet ventilation.
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Fig. 5. Differences against mean for PtCO; and PaCO, by
Bland-Altman method.



AsF 9 32 HdnAeee A%

4 mmHgg RuEo] lct?
Azkel 7tz HEW o|AstgA Fghat PaCO,9
ol v AM Ao AZ= A wHF 24F
223715 PeCO2t PaCO7te] Aol 1WAl 8
mmHg Ae]| 2, ttgslzle fx e & Xol& U
BRAE g Aoz Hage] gt Fgue
o] AEZI|ANE PerCO:9t PaCO WHE 43
FAE et I Zol7t HF 6 mmHgE WA ¢
e seu” Y HRIVZ el 2 4313719 o
ol SHREA Aol Efsls o]dstekiel A)A
228592 infrared CO; 4719 wal Hl-S&
wj&Fol| PnCOy7} PaCOXtul o4 A 233
4 9oka 3> CapanS-2Y HFIVESH PeCO,7}
PaCO:E.t} B¢ 24 mmHg o]4 dAl FAFgon
ol Ze UM FulFoz oY FAHY F
5& sl HAVEZtll L3 F8 AIFIHA PerCO;
£ FAdol dckx Fzsoick HAVEL FA%
PerCO:7} PaCO:9t YA 4JAAE Hilckes B
37} o§8 e} o] Ee] ¢ HAVE Fdbsla o
= 71:412 ol gato] F(sigh g FAYY F40 &
& 2 9HIFe FAAM FFFHA
71745& T ENH L FE B PaCOE FA3
AU, HEIV-E F3st delloflA]l carina 4ol AF
A& FHelel2E ol FI% 7kaE CO98 E4F
< 2331 50 PHHeg o WAF Novak-
JankovwE-‘l"” FEAAEE WA WAE ol
FeA, 7|RENE-E 3 HAVE 37t &
Forsla AEANHAL JlElElE2E carinaPi7bA] Y
of 7}&E FUstel FAHY PuCO:2t PaCO:7tellA]
agreementd 4A] REslglcha slglew 2 of
Fadzs FAH471A2E U984 7iE W2
49 717t Ao COE 34X Aoz 4
. et 7)ol AR FhelEl2r) ohet HRIV
Z ¥ steisl2 2 Qe 29 slels2E
s Fell W77} 4o COrt A HsAel
RAog oARAL. HFIVESQHlE F717k29
377 27 AR Aol M2 EfFeE
71¢e] AHoA EIWEVAE AHE BHA
PtCO;8} PaCO7tell & RolE EY 7} vt B
AFNAE 7B COZ2HE AL AEANHE 7
HelZE injectiond ZleH|glE2Rc}l LIEE 3 om
] ZAA 3lo] carinaoll 7H7to] FEdl o|EHoE

AW Folle A2H

%ﬂ-\,‘-

m_ i rlo

2 4f o 32 do P o

nllo rlr a =

e AE

71 E5¢e] AFY ol st A RSl FH 395

PerCO & 1% AE72E 7 & siXoA H1xt
A odolof Aol st HEFNLIE el RAE
a3 FozA PaCOxl vl ZASA COo2de
vebyd & glokx shed? vi§ HRVE $9% 3
3 AN FASE PCOE HPo ) IVESH
3717t 53 PelE o] Fol g Fdirhy PCOo,
t 243 37149 PuCO:20t A9 FAR greletn
AARNmE B dFely HE FAdol 483
Aoz Aztslct. HEIVE 43 &of Slold FQa
& W sbAF9, 11E mticg AASE Mz
F71A 7 eln PutsEle EARF2 Rttt 1:E
ratiool| gk Q) E3ln g Fr|rle EARIFE U

E¥7|divideng #gstA Hg 1 °d—’r‘°il»l19}
7ko] jet injectorE 7]l AZX A = JE
9 iyt Azkg $HeA Hlez e 9
1:E ratiog FHgtE 7]59 Aol AEINE
by BASEc e dHRrRe R shie w23
7bestAl ¥ 4 ew EY HAVE FAAZ AF
AEAH TR FFH AR 3 F13AA
g H¥rbsol THE CO: g ZHNA ez
PaCOol| 7171 PICOE o1& 4 Uickz A=t
BH, CO; ¥4719 7t&AE AH &L 3 200 ml
24 32uUR] 5278 AEAHA] 100A] 17 mle)
7hLguto] Waslog HFIVA] U3)#7|ske] At
sttigtEe HRIVE FA] ZAR JAF COE4E 4
g AEtaFS FES Aoz AT B AF
o] A PICO2t PaCO,7te] #-& o= oozt
34y o] 334 9-& el infrared CO 24
719 Hbgo] =Eldg o YiE3ew #3
£ steFolgtel CO; e A7 e de +
9]-& Aolt} & HFIVY HEA] jet injector2]
wbRsl F sl fixlse A5 713 HellA st
2fFo] 2AHA HEZ jetd] A& Bl 7}
SXo] 9li wlE £59) 7lav}l sjEAute) olAgt
&£4g 2 5 9len Joule-Kelvingatol] 2% 7}
29 Wzt o R 22Xl 2% &4¢ F MeAE
asor ek wa Ao AFo] FHohA
Aol WMol & Ag, £ AEol FobA 9
= AS St $EF 7)o Ade] gl Eeol o)
stebar 2AFAY Aspd sHle] el 2% ¢
Hase JHEHE Jemz™ &y wFHs
g olujAEte el os] B ATt el Aol



396 oipulizhers)x) 36 A3 E 1999

AWYES HEAEE AFs sop ¢ Folek.
AgHez, Auel nAGEe A% A HAV

S
=

A g3te 7% jet injector®} ¥ carinaz}to] o))

ARG AAAAEL FHelElEE S8 PICOE A

A

T

%

10.

ezt Brle WAL FA5HA Wil 4
Aoz A7y,

# 3 g #®

. Scherer PW, Muller WJ, Raub JB, Haswiton FR: Con-

vective mixing mechanisms in high frequency in-
termittent jet ventilation. Acta Anaesthesiol Scand
1989; 33(Suppl. 90): 58-64.

. Hahn G, Meyer M: Sample-hold technique for analysis

of respiratory gas composition at high breathing fre-
quencies. J Appl Physiol 1988; 64: 2684-91.

. Sehati S, Young JD, Sykes MK, McLead CN: Moni-

toring of end-tidal carbon dioxide partial pressure
during high frequency jet ventilation. Br J Anaesth
1989; 63: 49S-528.

. Capan LM, Ramanatham S, Sinha K, Turndorf H:

Arterial and end-tidal CO, gradients during spontane-
ous breathing, intermittent positive-pressure ventila-
tion and jet ventilation. Crit Care Med 1985; 13:
810-3.

. Bland JM, Altman DG: Statistical methods for asses-

sing agreement between two methods of clinical mea-
surement. Lancet 1986; 8: 307-10.

. Fallot R: Getting the blood out of blood gas studies.

Respir Ther 1982; 12: 103-4.

. Nunn JF, Hill DW: Respiratory dead space and arterial

to end-tidal CO; tension difference in anesthetized
man. J Appl Physiol 1960; 15: 383-9.

. Bhavani-Shankar K, Moseley H, Kumar AY, Delph Y:

Capnometry and anaesthesia. Can J Anaesth 1992; 39:
617-32.

. Raemer DB, Francis D, Philip JH, Gabel RA: Var-

iation in PCO, between arterial blood and peak
expired gas during anesthesia. Anesth Analg 1983; 62:
1065-9.

Askrog V: Changes in (a-A) CO. difference and pul-

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

monary artery pressure in anesthetized man. J Appl
Physiol 1966; 21: 1299-305.

Fletcher R, Jonson B: Deadspace and the single breath
test for carbon dioxide during anaesthesia and arti-
ficial ventilation. Br J Anaesth 1984; 56: 109-19.
Bach LF, Wanner-Olsen H, Anderson BN, Madson IK,
Kruse S: Continuous end-tidal carbon dioxide monito-
ring during normofrequent jet-ventilation. Acta Ana-
esthesiol Scand 1996; 40: 1238-41.

Gottschalk A, Mirza N, Weinstein GS, Edwards MW:
Capnography during jet ventilation for laryngoscopy.
Anesth Analg 1997; 85: 155-9.

Mason CJ: Single breath end-tidal PCO; measurement
during high frequency jet ventilation in critical care
patients. Anaesthesia 1986; 41: 1251-4.
Algora-Weber A, Rubio JJ, De Villota ED, Cortes JL,
Gomez D, Mosquera JM: Simple and accurate mon-
itoring of end-tidal carbon dioxide tensions during
high- frequency jet ventilation. Crit Care Med 1986;
14: 895-7.

Mortimer AJ, Cannon DP, Sykes MK: Estimation of
arterial PCO; during high frequency jet ventilation. Br
J Anaesth 1987; 59: 240-6.

Mihm FG, Feeley TW, Rodarte A: Monitoring end-
tidal carbon dioxide tensions with high-frequency jet
ventilation, Crit Care Med 1984; 12: 180-2.
Novak-Jankovic V, Paver-Erzen V, Fajdiga I, Bovill
JG, Manohin A, Zargi M: Estimation of arterial CO;
partial pressure by measurement of tracheal CO;
during high-frequency jet ventilation in patients with
a laryngectomy. Eur J Anesthesiol 1998; 15: 1-5.
Bourgain JL, McGee K, Cosset MF, Bromley L,
Meistelman C: Carbon dioxide monitoring during high
frequency jet ventilation for direct laryngoscopy. Br
J Anaesth 1990; 64: 327-30.

Smith BE: High frequency ventilation. Current Opin-
ions in Anesthesiology 1988; 1: 488-93.

Smith BE: High frequency ventilation: past, present
and future? Br J Anaesth 1990; 65: 130-8. '
g, AYE, $03, FU9E: IE QeI
vl st Aeee A% FH Yol vy
o}83) 2] 1995; 28: 91-6.




	f: 


