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ABSTRACT

Tracheal gas insufflation

Hideaki IMANAKA

Surgical Intensive Cave Unit, National Cardiovascular Center

Tracheal gas insufflation (TGI) is a continuous or phase-specific injection of fresh gas into
the central airways as an adjunct to mechanical ventilation and improves the efficiency of
TGI decreases arterial CO, tension in animal and patients with respira-
Because ventilatory requirements (tidal volume or pressure) can be reduced, TGI

has potential to improve the management of lung injury.

However, it ramains an inves-

volume/system pressures, and difficult monitoring. To avoid the adverse effect of TGI,

careful setting of ventilator alarms is required.

lFL®IZ

BVLKENERKE &—R#KE TATER %
119 ERBENFLEST 29, A LTHEEROEIER
ELTOMBERR/NNBICTHT 2Dt 8
TR FEDRIEEIN T 5, tracheal gas insuf-
flation(TGI) b #D—> T, [ENICHE LIz h
T—T NS ERES A BHBL, ZBERE
(CO,) DEMK #FHAD & ¥, BMEERLPEES
LIS FRTH S, TGl OB 1969 ZE£D
Stresemann [Z#5 & D, SiEAS A & KB I
#59 % constant flow ventilation®®, BHFMNFE T
D BE OBV o KT E A A % i LK %
B3 % airway insufflation®, transtracheal
oxygenation™, ALIFIEROFFRFAF%2FIH L T

* ENIIARER v ¥ — A RLRE TR

AT —T VB ZFEH T 5 intrapulmonary  tra-
cheal ventilation”'? &, kDO TEIZ D %
{ 72y, Marini % Kolobow & 231990 £ & 2% 2»
SENY) - BETTGIOEAME2MEL T &,
TGIL iz & Y BRI R B 4 A 43 I (Paco,) 2SE T
T 5019 F{U Paco, 2152 DICHE LK
FFMHREPRAEJENE) &Mz 5 2 eh
T& 59, R EHD Paco, & T L7
n1e COPD 7% EWMHRA £ BEONRAHE S
KLU0, EEIMEROMEMET L7220k
DEHH RE OV TREE S mES LT
%, L UIGEORELZS T &, RIS
FEFID FEEARET S L oGl Rwvn, £
BiF TGl OBIfEAC W T HWMEINTE T
3, ZORHTIE TGl OBRCEES RIZTH
F, BEEHICOWTARRT WL,



1. TGINDAHZXL

TGI 3@ O ALK LY T 2 TRE
PIZHTREA A 2 AG U, R B0 e S0 I ]
FERE (RIS ~Y € —2) D CO, 2 & A TSI
[AAREOTRL, ROBRKEFICHERT %
CO, DEEWS U, H5FRMIIHEH2EHIFERE % 5
HEE B, TGL A7 —7 V& DEfifhicsd 3
CO, 2B VWM IERANER D TH %23, TGI
HADA T — T WD & BN R A TELTRE
B AR ERET ZHEEE BRI T»
614)0

TGI ® Pao, ~DFEIFEH TR\, FHIE
WS B SR AR FEBE D F5A L, auto-PEEP
WX 5729 Pag, 3ET LA T 3197192,

AT : 14 %1 8
2. PATLEFE

D TGI ¥ A 7 A F % WD T, BN Z
NENDYRATLEFEDLTWS, TGI A A
RHAT BEFE, &7 — 7 NV OREME - finiiE,
B 2 ATFERIC X D S L 508, —HBEH
REHBR TGI TIE, #lvhrT—7 0 (LK
WBRE|F 2 —7) %2FEF 2 — 7l & JUE I
Mo GEE, [ESBEEO EAH 2cm) HED
EERERT (E1a)?, BRIV F—%2Hv
TGI # A & NLFHRBOBRABRRES Z 5 2,
IMEEEZ@EL T TGl ' A DHNE « M@ %179,
TGl AT —F NV EYE—ZXAhoKENF2—7
NEEEZBEL THD 2 DB — R TH 51920, A
TR R & OB RES 7 7 A /N — R 2 —

0,/Air

Flowmeter Blender
Air
02
Humidifier
0,/Air
Ventilat > Solenoid Flowmeter Blender
entilator .
Valve
/‘7 omoft o,
|
@ A !
lExhalation
Valve -
I Signal Humidifier
|
|
Ventilator >/—j
b AS
1 TGI¥Z7 A
(a) EHETH TGI

WA T —T N EATFREROY E— A ofEAL, HEF 2 — 7% Q85I
DOfIcED B, BRIV VY —, IBREBELITAE2ZECEAT S,

(b) WRESR[EHIEL TGI

ANTLFFREROFELKFHO Y 7 V20 L, TGl AERAZHET 5, FFREFICE
TGI fiEIFKEAN, BRI RKICHEREINS,



AT © 1997 46 4
THOax 78 —%2FBAT S EBEN,
3. TGIDHMRIZEEA B LIZTHF

1) TGI DOEFHE

TGI # A 1& £ W 4H 1 b 7z - T (continuous
flow TGI : EHFE TGD, & 2\ 3E0RFHICHE
RPN G T 25 LI TE S, BEFER S
5 1T LIS (expiratory phase TGI : FES[RIEA
# TGI), M-54E D% ¥ (end-expiratory wash-
out), W5 #H (inspiratory bypass) iz 4 & 11
59, EHWE TG I3k b EHICERT 2 2 &
DT E R S IPKRIAR TGI L&A TGI 2t
DD, GOFEDATREMESE < 4 5, KEHHE
REY 72 BEE D 72 12 13 gating FESNE L 25
( 1 b) 15)25)26)0

2) TGLAT—TIEeHEEFa—7

TGl A 7 —T VMW F EFHEF2—T70DF
RIMHREIIKRE S %28, —HTTGLHADHE
HOEESH 2 D IpREEEL 2D, [ERE
BT s EEEsE T, N 1~2mm Dh 7 —
TN EHAOERER S, TGl 7 —7 L4k
OMREZNRICH & O REE RITS WY, [E
NF 2 —7NEERIS TGLH 7 —T V2D %
DB TH 592, BYEBRTIEKEN
Fa =74l SHED 72 D1 ST )L — R
YFa—TD—FDON—RX e TGl # T —F
11/27)%)ﬁ}§§g ’I‘GI ,}1_7*14)23)24))%‘1@&)1 Uy 60
TGl A A # EEKE CHEEE T, fEF2—7
ONEECE P> THEE LD, TGLA A DMHE
EXROILDHANHRET 5020 T Ry Sh T
%, Kolobow & |3 reversed thrust catheter %/
REEHOEEF 2 — 70NN SHHAL, TGI
A AKERHEES 3 Z L2 X D auto-PEEP O
EE2FBHL M0, Max & 3RS 7 vv— % >~
Fa—7D—F»o TGIFEDMEE ZITLDH
AR & T %29,

3) TGL#KE, TGl HT—TILERMNGE

TGl fii & % L1 % & Paco, HIETL TwL
B, TGIWR 10/ TEIZT T b—&ET 3
(B2)™® DT, BERTIE4~6 1/53D TGl fi&»s
HushTnzd, TGl 0% Z TGIREZ D b
DED b, TGLIZ &> THERFFICKEVTRE LTz

inverted

Paco, (mm Hg)
B
w

- 04 .

> inverted
% 0.3 1
e

0.2 4

0.1 4 straight

0 T T
0 5 10 15

TGI flow ({/min)
2 TGl A ADVE A& DFEE
TGI i & # 5, 10, 151/4r £ L Paco,, %t

BEHRR K (Vo/Vy) WX T 228 %2H AR
TGI (straight) & ¥ /5@ TGl (inverted) T
e Uz, NEH 1 TGL O 038R T v
5, TGIF & 10!/ £ 151/5 £ D T
Paco, &%\,
B EA I TGL, BAL ; #4T TGI

(CER 14 L W BZEDD B5]H)

HABICESR &N 3 & Ravenscraft i34 L ¢
W32, TGl 4 7 — 7 Vi S K& 53 I8 552 5
WiZ E TGL ORI IZ R < %5 2905, BERAME
BEETIEZ S KESBER O cm L 1CALiE &
B L v,

4) TGLRENHM

K[UESBIRC E D> T TGL # A 53 5 IE K 1
TGl &, HICOATTIZE P> TH ALBEHT 25%
JiE TGI 238 %', NS TGl O F H%h3E I8
n, ROHEERTIZ Paco, BSIEAE TGI(10 1/53)
T 56 torr 2» & 36 torr -\, ¥ 5 a TGI T 1 41
torr N L7z (B 2), BT —F b o @A
WL 7e M ADYELIRZ S| & 2 LA AR % (e
TEHEINTWS, R LIEAR TGI T
auto-PEEP 4250, [EMBEIBEO SICEE



o i

LEhidz s,

5) MRBE

FREIFRIFEEDS KR E WERY, ThbbRERED
KB TEBR 2T 128545 TGL OZR 13 &%
bRK&EL D, Paco, W40% U HETFTT 2 LD
HBELH B2, EBOBETOT %% h
1Z &% < vy, Nakos 5 13 ERA O AR R 4
BE T NTEERE TGL6 I/4) 21T, #fa5&
=W Ro7EHE 25% Paco, WIE T L,
Paco, #—EWXHR-o 2 HBE—RIBEKE % 25%
HDERDZIENTEREREL T 519,
Ravenscraft i3 & & & 2 FEIRARE B EF 1217,
Belghith & i A FE9% 85 38 fiE % £ (ARDS) B 7% 6
ANZEFMA TGL %2 1T LY, ZhZ£h 15%,
22% D Paco, BA 2 #H,E L Tw b, Kuo & i
ARDS 85 20 A2 & & A TGI(4~6 1/47) %
T Paco, 2513.3%~16. 7% BT L7z L HRE L
T W 3¥®, 3T permissive hypercapnia &
HEDIERE S LT v B 3293 &80 2 hypercap-
nia 28T 2 LIFRMET ¥ F =3 2D 72 HITE
BRIMG S fifvs MUEAE %2 F64E 3 %2, TGI i hyper-
capnia D AW ETEIMMZ 52N TE S, &
512 TGI & permissive hypercapnia #fH#A4& b
5L, TGl VHEOVTREINEHTAD CO, &
BEBKE %50 TPaco, D THIRIZKE &
Z) 18)20)21)27)0

6) TGI &HAT 3 AITHFRE—F

BE SRR Z S 2 1B AEANTIERE— D
BRI TGI DMRICRVFEEEEZ RV EFZ
>hb, KoK E%2Z 2255
TGI %13 PCV & VCV L DB TEMNZ o
721, Lo LEFSELBRKEORMNL &, TGI
OBIER XA T 2 ATHRE—NEAS N
5202926 WakdE s o HREN & N 2 72 D ESEERR %
BT 2 L ARMRE TH ARBBERT 270
TGI OFHE LT 5 L Db BH 5393,

4. TGI OfEES

1) auto-PEEP

TGI X auto-PEEP % #5K & ¥ EENERLED
Wiy 5, BH:LT, BHEIT3Yzy RO
E—X v MDAV R CEZEN S, TGI

AT © 14 %15

AT =T VI L VIE T 2 — 7T OFEZIWTER IR
Y945, TGl REIFERBIEE - P 2@ d 5
72812 back pressure 23 L5793 %, O 3 DO THH
INBEIY, TGIHARAT—7T Vo RKENIZ
EETRE T, B2 10 1/53 @ TGI Fis 3kt
HE1Imm?Oh T —T NV E#EL5E, StEED
BEIEE L 16Tm/Bick 3, bibhlizET IV
fiti % Fv> T auto-PEEP (FEGHEAR TH 1 2 KN
FEeETNVMREDZ) OFEE %= FA (X
3)29, auto-PEEP iZ TGIfiEN K EWiZE, K&
KRB REWIZ Y, BEOKHEETINARKEWIEFE
WhnL 7z, TGI % VCV & HtH 3 28551 —F{R
SR ZRHIE L 2 EIEHICEE D auto-PEEP 23
B s 52Y, Nahum' 13K % F WiEH it
TGI(10 //43) THERERIFR A B A3 53 ml B/ L,
Belghith? i3 & F i # TGI(4 1/53) 1T £ D BERER
B R A 200 ml B L 7 ER] 2 & LT v B,
auto-PEEP 3 %43 2 £ PCV 0K D7z D
EX# (72 b —+—total PEEP)® &K T3 %
72, FEREHE TGI 2 PCV £ HfH L 2854
IR EIME T 9 52920,

2) BR[EDEKX

PCV L EFmA TGl #ftH ¥ 2454, HBKEt
BEAKTLZEeH%, PCVICLZESGEE,
TGl DEFE T L OB PBRTFFICHHR S 5 23,
AL PC Ly ZEO>RL TG fiED
DR TRLZHREZET I TCeRoGfE 2 HF L
ST 5([E4), L L ALHRELS DIED
WEEF T IET S (4 0%) & AN TR
» S DHEIEADEN S BB, Thb b AT R
DOFLRFFREA U £ £ T TGI MEPEEICTHN
ALeDT, |RED LA T 5, IHIERERTEF
R, BEODI Y754 7 Y ABMEVWEEE
BHIZ 72 %, VCV & TGI 28t L 7285E, —[Elfa
K[URDFEN T3 Thv e BRPA R IIHE AT
%o

3) BRELRSTEANE

EFHTHAE TGI 2 VCV Lt ¥ 584, auto-
PEEP KD 7: DigmKENEDN LA T 5D T
applied PEEP 2#fiEd 2 L8 H 5, &F ikl
TGI % PCV L3 2854, HKEIHEZ2 Ko
WHESZEE% LA 2% 2 L2355 (H3), pres-



AT 2 1997 4 4 H — & =
PCV VvCVv
60 - 60 -
__50 4 50 4 with TGI
9] with TGI )
T 40 T 40 /
§ §
g ‘5730- Palv
gzo- % 20 4
S £
10 4 10 4
no TGI no TGl
0 0
60 - 604 Wwith TGI
with TGI \
50 - 50 - 1sec
Q o)
3 40 I 404
= 304 ‘g'ao Pao
§ 20 % 20
& g7 ]
® 104 0 e
no TGI no TGl
0 0
3 EEHR TGl TOXRENIT R
BB iR, TR Y E—RATOREANE
Kby PCV, 43R HIE A 1T Tz b VOV, PCV TR AUE S 2 5 BN H D
FHL, s (2086 30 cmH,0) 28z 2, TGLRETT I fF RS REF O fififu
MEYL, LALTHNED EH XY 3 L v, auto-PEEP O#hn% &k 3 5.

TGI it ht
s, BRI =2 F

sure relief valve % > Z OEGENED 7 %
CTLRMPE IN T 53,

4) ANIMFRIBZNE— Y —HEE, 7

fEETS

ISR I TGL LT % &, auto-PEEP 28
FKETLENDTEL, BREDE=Y —bEE
50T %, BABATLRER TR OBKE S
HELTW2 D% 0, EHFFE TG P
FEIA TGI T, WK TG E AL TV
20T, —[EHASEH (TG 5 & X L) ©
DRTKELFREING, FRBKEIKE LG
Hahbico, BN —78boTdbE%E
RHIT 5L 3#L L %5,

5) MUH—%EETS

HREME % L Tw 2 BH W TGl 2EMi3 %5
B, FHEINEROD b ) A —HE E 2 B, BIEENIC

T — LHE

121/%4y, ®FT DA TLF7A4T7 A2
(k22 X hEDDB5|H)

0 ml/cmH,0, #&$1 20 cmH,0/1/

EERPTENLOTHENIT—bTEN) A=
#Mi kb, TGLIZ & DML 7z auto-PEEP i &
DM —FEsIIEEINSY,

6) ReM

TGI ¥ 2 7 A B EZ DREFOFIEY TH Y,
BEMWNTDRELL TV B LRV RY, BE
F o — TR R I L R R EF
BREZBIEEIT, MIOWTGL AT —T Vo F
WEO TGIRER2W T DT, TGl ¥ AT LDH
FEr7 b, Y—2 % disconnection, HIE2EMIE
ZE|ERITIEND S,

TGL # AR OFEEHBIE D £ 5 2> O 7
BEEL L, IMETRE»SAPHERSIERITBZ
Ndb 5%, BEOY v MRIZK D ZERED
EERZEEIIBINLD D, [RENT 2 — 7THEE
o TGl AT —FTVEFALTWBEES, &%



AT © 14 %15

PCV vCVv
with TGI

0.6 - with TGI 0.6

0.4 4 / 0.4 4
02 __ 02
(8] [$)
g 0.0 g 0.0 7 4 | Flow at
3 02 z 021 / lung model
o no TGl r

0.4 0.4 no TGl

0.6 -0.6

-0.8 0.8

0.8 0.8
S 06 E 0.6 FIOV\( &
- T with TGI = . inspiratory
3 no TGl 3 limb
w 0.2 = 0.2

0.0 - 0.0 K

4 SEFFRE TGl TOMHEE

EE I YE—XToOdE, T RXEIERETCORE

ENRPCV, APBKEMELZT> TWwixw VCV, PCV TIZ AR S DOFE I
K& d (%) TY¥wici s, 20%y TGl FENE 7RIS HNE T 5 - o —[R#EE

IR 5,

TGIfi&g&E=121/%, ET VIO 2> 754 7 >~ A 20 ml/cmH,0, ##i20 cmH,0/1/

s, WS =2

ARG BREPRE L7 7 A N— A T —TREDE
TGl A7 =T vEREL, BEATILER
KU b, TGl AT —T7 WHERS>TEL o245
&, FAIffc3#8A7% air trapping 25| X2 3
LLNBEWDT, 27 —TVHBEI B TE LN
FOHEREEZET 5, FHFEMNZ TGl 2175 72
OIS gating HE VS LEZD, ZOLEMHIIHE
ML TWZEWn,

5. TGlthDE=ZF) T ETS5—LA

TGI DEFHEZP < 12 I X KBS auto-
PEEP € =% —3 2 LE»dH %,

1B 25 [ 2 B < 7z 12 13 [E N FE D 72
ThEL GHEANFEREEL2E=y — Lzt v, &
HHWE TGl % PCV L fH L 7- 856 KB N H il
BB L UREHMEIIFEN LY - 2R (H
3, o KEDNORETEANET 7 —LI1XFE

(B 22 £ DB DD BFIH)

SNBEED EDWCRET 5, ALFFRIEFOEIS
#E=5 -3 TGl W&, B >7747 VA,
ISR 22 SRHIE L TR T 2 W E 23D %,

respiratory inductive plethysmography (RIP)
I & - C total PEEP ®—[al#fa%i & % HlE U#HiE
5 EMNARETH %28, TGl H#HOHTICEKIE
%f:j‘ .5 M\gbg‘% 6 14)15)17)23)24)27)0

capnograph TTGI D HEWH LR 2 € =
=352 EBTED, TGLIZ X WFEFED CO,
DR TEVIR S hiuE, A IC capnograph
LD CO, BEZETT ', T4abbESER
CO, BEDETWAKEWIZE Paco, BT bFEL
{ 7% %", 7272 L capnograph O {# »» & Paco,
DEZEHET 22 X TE R,

auto-PEEP #% #l|% L applied PEEP % i #§%
THLEDRH D H, EH B TGI T it auto-
PEEP O #IE 1 KN# TH %, auto-PEEP D 5%



AL 01997 44 A

ELUTRENE, FUOEIRES: £ OBENE T =
& —%, RIP, BEEMERIBEZHWSL I LN TE
%,

FEH

BHERRALOREREREOMBFER L LT
TGLB3EHTH %, FHCEEHIFHIFEREL IR L
TWRETIE TCL BIEECEMTH 505, M
FaZEREHSHEAN L T v 2 REE T Paco, DIET X
ThiFERE L w, 72 TGI XL LB BITH
EBHEILTWE LW 2 F+osER2ET
%, auto-PEEP O ¥ 4« +43 ¥ E L, applied
PEEP ® A LMEKO#HR[REFRER E 5 HET S
DERH D,

SE B

1) Corbridge TC, Wood LDH, Crawford GP, et
al : Adverse effects of large tidal volume and
low PEEP in canine acid aspiration. Am Rev
Respir Dis 142 : 311-315, 1990

2) Dreyfuss D, Saumon G : Role of tidal volume,
FRC, and end-inspiratory volume in the devel-
opment of pulmonary edema following
mechanical ventilation. Am Rev Respir Dis
148 1 1194-1203, 1993

3) Stresemann E, Votteri B, Sattler F : Washout

dead
hypoventilation : preliminary case
Respiration 26 . 425-434, 1969

4) Lehnert BE, Oberdorster G, Slutsky AS :
Constant-flow ventilation of apneic dogs. ]
Appl Physiol 53 : 483-489, 1982

5) Sznajder JI, Nahum A, Crawford G, et al :

Alveolar pressure inhomogeneity and gas

of anatomical space for alveolar

report.

exchange during constant-flow ventilation in
dogs. ] Appl Physiol 67 : 1489-1494, 1989

6) Hurewitz N, Bergofsky EH, Vomero E:
Airway insufflation. Increasing flow rates
progressively reduce dead space in respira-
tory failure. Am Rev Respir Dis 144 : 1229-
1233, 1991

7) Couser JI, Make BJ : Transtracheal oxygen
decreases inspired minute ventilation. Am
Rev Respir Dis 139 : 627-631, 1988

8)

9)

10)

11)

12)

14)

15)

16)

17)

— 7 —

Slutsky AS, Watson J, Leith DE, et al : Tra-
cheal insufflation of O, (TRIO) at low flow
rates sustains life for several hours. Anesth-
esiology 63 . 278-286, 1985

Wilson JM, Thompson JR, Schnitzer JJ, et
al ! Intratracheal pulmonary ventilation and
congenital diaphragmatic hernia : a report of
two cases. ] Pediatr Surg 28 : 484-487, 1993
Kolobow T, Powers T, Mandava S, et al :
Intratracheal pulmonary ventilation
(ITPV) : Control of positive end-expiratory
pressure at the level of the carina through the
use of a novel ITPV catheter design. Anesth
Analg 78 . 455-461, 1994

Jonson B, Similowski T, Levy P, et al:
Expiratory flushing of airways . a method to
reduce deadspace ventilation. Eur Respir J
3 :11202-1205, 1990

Nahum A, Burke WC, Ravenscraft SA, et
al : Lung mechanics and gas exchange during
pressure-control ventilation in dogs : aug-
mentation of CO, elimination by an intratra-
cheal catheter. Am Rev Respir Dis 146 © 965-
973, 1992

Nahum A, Ravenscraft SA, Nakos G, et al :
Tracheal gas insufflation during pressure
control ventilation : effect of catheter posi-
tion, diameter, and flow rate. Am Rev Respir
Dis 146 : 1411-1418, 1992

Nahum A, Ravenscraft SA, Nakos G, et al :
Effect of catheter flow direction on CO,
removal during tracheal gas insufflation in
dogs. J Appl Physiol 75 ; 1238-1246, 1993
Burke WC, Nahum A, Ravenscraft SA, et
al : Modes of tracheal gas insufflation : com-
parison of continuous and phase-specific gas
injection in normal dogs. Am Rev Respir Dis
148 : 562-568, 1993

Nakos G, Zakinthinos S, Kotanidou A, et al :
Tracheal gas insufflation reduces the tidal
volume while Paco, is maintained constant.
Intensive Care Med 20 : 407-413, 1994
Ravenscraft SA, Burke WC, Nahum A, et
al : Tracheal gas insufflation augments CO,
clearance during mechanical ventilation. Am
Rev Respir Dis 148 : 345-351, 1993



== B

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

Kuo P-H, Wu H-D, Yu C-], et al : Efficacy of
tracheal gas insufflation in acute respiratory
distress syndrome with permissive hypercap-
nia. Am J Respir Crit Care Med 154 : 612~
616, 1996

Nakos G, Lachana A, Prekates A, et al :
Respiratory effects of tracheal gas insuffla-
tion in spontaneously breathing COPD
patients. Intensive Care Med 21 : 904-912,
1995

Levy B, Bollaert PE, Nace L, et al : Intra-
cranial hypertension and adult respiratory
distress syndrome : usefulness of tracheal gas
insufflation. J Trauma 39 : 799-801, 1995
Belghith M, Fierobe L, Brunet F, et al : Is
tracheal gas insufflation an alternative to
extrapulmonary gas exchangers in severe
ARDS? Chest 107 : 1416-1419, 1995

Imanaka H, Kacmarek RM, Ritz R, et al :
Tracheal gas insufflation—pressure control
vs. volume control ventilation : a lung model
study. Am J Respir Crit Care Med 153 : 1019
-1024, 1996

Nahum A, Shapiro RS, Ravenscraft SA, et
al : Efficacy of expiratory tracheal gas insuf-
flation in a canine model of lung injury. Am J
Respir Crit Care Med 152 : 489-495, 1995
Ravenscraft SA, Shapiro RS, Nahum A, et
insufflation : Catheter
effectiveness determined by expiratory flush
volume. Am ] Respir Crit Care Med 153 :
1817-1824, 1996

Imanaka H, Riggi V, Hess D, et al : Continu-
ous vs. expiratory phase tracheal gas insuffla-

al : Tracheal gas

tion during pressure control ventilation : a
lung model study. (abstract) Respiratory
Care 40 : 1196, 1995

Kirmse M, Imanaka H, Mang H, et al : Tra-
cheal gas insufflation with a new double
lumen endotracheal tube : a comparison of
continuous vs. expiratory TGI during pres-
sure control ventilation. (abstract) Respira-
tory Care 40 : 1196, 1995

Nahum A, Chandra A, Niknam ], et al:
Effect of tracheal gas insufflation on gas
exchange in canine oleic acid-induced lung

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

AW 14515

injury. Crit Care Med 23 : 348-356, 1995
Danan C, Dassieu G, Janaud J-C, et al : Effi-
cacy of dead-space washout in mechanically
ventilated premature newborns. Am J Respir
Crit Care Med 153 : 1571-1576, 1996
Hickling KG, Henderson SJ, Jackson R :
Low mortality associated with low volume
pressure limited ventilation with permissive
hypercapnia in severe adult respiratory dis-
tress syndrome. Intensive Care Med 16 : 372~
377, 1990

Hickling KG, Walsh J, Henderson S, et al :
Low mortality rate in adult respiratory dis-
tress syndrome using low-volume, pressure-
limited ventilation with permissive hypercap-
nia : a prospective study. Crit Care Med 22 :
1568-1578, 1994

Tuxen DV : Permissive hypercapnia. In
Tobin M], editor. Principles and practice of
mechanical ventilation. New York, McGraw-
Hill, 371-392, 1994

Viitanen A, Salmenpera M, Heinonen ] :
Right ventricular response to hypercarbia
after cardiac surgery. Anesthesiology 73 :
393-400, 1990

Dolan S, Derdak S, Solomon D, et al : Tra-
cheal gas insufflation combined with high-
frequency oscillatory ventilation. Crit Care
Med 24 : 458-465, 1996

Gavriely N, Eckmann DM, Grotberg JB :
Intra-airway gas transport during high-
frequency chest vibration with tracheal insuf-
flation in dogs. ] Appl Physiol 79 : 243-250,
1995

Marini JJ : Pressure-controlled ventilation.
In Tobin M], editor. Principles and practice
of mechanical ventilation. New York,
McGraw-Hill, 305-317, 1994

Gowski DT, Delgado E, Miro AM, et al:
Effects of airway insufflation on peak airway
pressure during pressure-control ventilation.
(abstract) Am J Respir Crit Care Med 151 :
A 428, 1995

Hoyt JD, Marini JJ, Nahum A : Effect of
tracheal gas insufflation on demand valve
triggering and total work during continuous



AT 01997 44 A —— § —

positive airway pressure ventilation. Chest al : Fatal airway obstruction caused by a
110 : 775-783, 1996 mucous ball from a transtracheal oxygen
38) Burton GG, Wagshul FA, Henderson D, et catheter. Chest 99 : 1520-1523, 1991




