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ABSTRACT
Ventilation by High Frequency Oscillation of Thorax in Normal Rabbits :

Optimal Pressures and Frequencies

Masanori TAMURA, Toshio HisHI, Teruyuki IsHII,
Suguru WAKITA and Kazuhiko SHIBUYA

Department of Pediatrics, School of Medicine, University of Tokyo,
7-3-1 Hongo, Bunkyo-ku, Tokyo, Japan 113

We have evaluated a new method of external high frequency oscillation (EHFO).

Anesthetized, paralyzed, tracheostomized rabbits were placed in a tortoise chest shell-like
chamber connected to a rotary valve high frequency oscillator (Metran, Tokyo) in which
stroke volume and mean negative pressure can be adjusted independently.

The arterial blood gases and intra-tracheal pressure swings were analyzed while varing the
oscillatory frequency (range 0~15 Hz) at different levels of mean chamber pressure (range
0~10cmH,0). Excellent gas exchange was maintained in adult rabbits with normal lungs by
this EHFO system, Paco, decreased when the negative mean chamber pressure was kept
under —2 cmH,0. Although an increase in negative mean chamber pressure from 0 to —4
cmH,0 was associated with a significant increase in Pao,, no further improvement of oxygena-
tion was shown under —5 cmH,O.

Effective pressure transmission was obtained at the frequency of 7.5 Hz to 10 Hz.

Tracheal pressure swings to keep normocapnia were minimal at the frequency of 5to 7.5 Hz.

The above results suggest that the optimal settings of EHFO for adult rabbits with normal
lungs are negative mean chamber pressure of —4~—5cmH,0 and frequency of 5~7.5 Hz.
With this setting, the systolic arterial blood pressure was significantly higher on EHFO
compared with that on conventional mechanical ventilation (CMV) or conventional HFO with
identical transpulmonary pressure, while the diastolic blood pressure level and heart rate were
not significantly different among the three groups.

* HEAE(TERE R EHAREE RN TRERETIE, [RERBEESL



e G —

ETER
02/RIR FLow M

e

ALWR: 9515

DD EXPIRATORY VALVE

.

HUMIDIFIER

©)— O]

ROTARY_ VAL

—_—

= T
—

I

Cn

BLOWER

MOTOR

—_-—
FLOW SENSOR

PATIENT

CONTROL UNIT J

® 1 w—%Y— HPO DEAH#EE
7a 7 —-DBEREEREFERERAWT, FEEMOo— ) XG0 82 57 TEREIRERN
DEHETROBRIAS ARIRE S 2 HFETHL, ZOFERELEREER TR L
2, REOBYTHLIMR A I®2IENTELILEHREIN TV S,

BRWOT, BHRCERE2S 2 TICFRIC ALY
WAEBHtA T2 % b, BEOFKFREEEELDb I
T A, ERNKENRSZ EDOEENBIE D&M

YBRTEEEZ o605, NERHERTIE, R
EXMEMK (BPD) %, Mk Bk 518
MR A2 T A IEEREA O A TEREE - L
THHIRF SR TWE, LrLans, [ERoEMN
RA LRSI, MRy 7 2 LER L DRENE
DRFEPH LV EOBLORENHD, HEY
LERLTwuiwn, SHEERERSE (HFO) i1,
FREIZHISEEE LI T 0 1 S8 T H BEIR 4 A
BT 2 2 L AEERZ DT, ZOREER
RSk EAREERALERFCICH T
1E, EROENARANTIFRBOR SN TRTE 2
DTREVWHEEZ SRS,

Slalg, AN EHEEA TR (EHFO)
ODEFRIGHAICKII-T, EXERREZAVT,
EHFO 0 Z##R &M (WA v 7 A NFEH R
FE, K E%) &, EHFO M IfTEIRE I RIiFT
HEAMN LD TI IRHMET %,

EHFO > A7 A

EEBRICHIz > T, B OBk HFO HE %

MasiRy 7 A B L, MRy 7 ANICEES)
%4 x4 T EHFO %175 72,

1. HFO #&

WH GERARZEMREE) L0 Phue (X~ 7
) MEFEL-a—5 ) —HFO 2duE L T
BSENERBECRTE LI L EBEZRY
7o ZOEBETIE, AR (3Hz~20Hz), 1
m#SE (10 Hz THRA 120ml), MRy 7 X
WEHBREZ2BOBDY A 7IVTHET2 Z L5
T&% (®1),

2. MRy 7 A

Wbwd “BORE” WELRy 7 A 2EROEK
BizEb e TEEILz, Thbb, Tk, EF
DEHETREOFHICHES S ¥, AR, &N
RIIAFvITEBL, By 7 ADEER L wilg
WoMiE~Yy 75 FTREL 2,0

ESL WP

EERE e LT3, KE2.5~3.5KgD 4K
DODHAHBRRZHWwi, A E LU THRET b
oE>0.25mg &7 ¥ 3 25mg BASIEL TH
5, KMEFEERL— b 2RERL, Y44V —1
5mg/Kg % #1E L THEER, JEVIFEL, 3.5



AL 01992 %4 A

box pressure
monitor

airway pressure

ez Jote =

Rotary

femoral artery

catheterization

ABG, BP, HR

fresh gas
7 1/min

ECG

2 EHFO ¥ 2 7 AR E

mm % 4.0mm @ Portex RENF 2—7 (LAF
ETT) #8& L 7co RG>y 270 =7 40.2
mg/Kg &7 % 3> 2mg/Kg#x 1 BT L ICH
HEL T, HthE L 2 SMErEEREL 72, BBDM
MRy 7 AEEEFL, Thro—5 1Y) —HFOIZ
& L EHFO 2B L 72, ETT 2371/ T
BEER LI, KBRBMRIC227—YDHT—7F
WEEEL, 7 ASHTREMEERE E, SkimE o
TS —WFIAL 7z, EBHIE, Miller # 75
T/ A= —ERAVTRENELMIR Y 7 AR
FExHlEL:Z (F2),

ETT &li & D lecm RO KENEIRE & i
SR v 7 A NEHRIE D kL % pressure transmis-
sion index (BAF PTI) &E&EL 72,

1. EBERK[SEGOBRE

bhtbnsiF w7 EHFO ¥ 2 7 A TO R[S
7 A—%—i%, Flo,*1 BEHGE « #[E4 - BaFh
Ry 7 ARFHRE (LUFMBP) Ths, 2D
5 % Flg, & Pao, &, 1EI#K & X Paco, & #H
Bsaztix, HonEtEZNB3DT, 5
i, EERRTOEHE MBP L ~L L EEHLE
BrRDbizDiz, UTD LD BEBREIT-o 72,

1) %7, MBP 2B % 1{tEE & CO, HE it iz &
FTEELS L7200 MBP # 0~—10cm £ TX
{b&€T, BRIAY RS % RIEMHITL 72, B
fbLEEDEE & L T a/aPo, 27z, [Pao, :

Bk M B % 47 £, Pao, - flEAE FE 5 E=
(760-47) X F10,-Paco,/0.8, Paco, : & i If1 73
B A A 53 ]

2) Wi, BEEAREHERCHET I, 2
REOMETE LT, Ok DIF, R RIS E 3 Hz
5 15Hz £ TR EE, BOBODOBK A
ToOPTI# & L 72, £ 72, eucapnia
(Paco,=35~45 mmHg) #{&2 L 5 1 BEHS
HERH L 2R oK M % 3Hz » 5 20 Hz £
TEbE ¥, [VENERE%Z#E L THEL 72,

2. IMATENREDKRGT

&%, EHFO 0 MiTEIEIC RIZ T HE L &
% 72 %, eucapnia & b & 5 7.5Hz D
EHFO T MBP # —4 » & —10 cmH,0 & T#1k
S, LI e KBRERMEZ/IE L, FHKE
AE 5 cmH,0 DEH O MR B ERA TRERE
(AT CMV) L EHK[EWE 5 cmH,0 D& O
HFO (15 Hz) OFAD.OIEE -« ME & TR
L TA,

HatROMEMTIZ 13, Student DXHIGD %2 > t BRE
RO, BRESY UTOBE*EEEHY LL
12

& R

1) MERy 7 ANFEHYEE (MBP) L#EHR
{bBE a/aPo, (E3)



______ p<0.05
F E %* 5Hz
1.0
0.9 | n.s ® 10Hz
| Rl 1|
0.8 p<0.05 A 15Hz
0.7 l L),l____L
«06f A |
S 0.5 l/T ———I‘I Mean+ S.D.
0.4 i : ; n=4
0 3 n.s -
0.2 F
0.1 p<0.05
| | ! g ! ), MBP
=2 —4 —6 -8 =10 —12 emH,0
X 3 MsiRy 2 A FHRRE (MBP) »EEILEE a/aAPo, IT &
FecN-7

(a/APo, : 4 IEDFHJE+S.D.)
5Hz, 10Hz, 15Hz & ¥ MBP # 0cmH,0 @ a/a i&,
MBP —4~5cmH,0 &L T, HE (P<0.05) WIEfE%R
L 72o MBP —4 cmH,0 & MBP —5~8 cmH,0 Officiz, &

AL 9% 15

EFRWHE R o7,

MBP & a/aPo, DERIEE3 (FH£SD.T
£R) O &< 5Hz, 10Hz, 15Hz & % MBP
N O0~—5cmH,0 £ TiZ, BENKESS R 5E
a/APO, XK T % 2%, —6cmH,0 A L DERE
TREELRELBASN RO,

2) MLARys ARFEHEE (MBP) &
Paco, (X4)

MBP & Paco, DB %R L7z D2 M4 (F
#J+SD. TH®R) ThH %, 5Hz, 10Hz, 15Hz
& H MBP 28 0 035413 Paco, I @ERD, b
Tr—2cmH,0ODEE 2B »oiz 217 T,
Paco, 3EEI (P<0.05) EFL7z2%, Zhld
LOBETIE, BEEOEBASN LD ST,

3) MFRy 7 ANFEHRE (MBP) & PTI
(®5)

10 Hz @ EHFO Bd MBP & PTI 0%k
5 (CFH+SD. THRR) 0T k<, PTIRE, M
MRy 7 ANEHEE—1~—-12cmH,0 O [E T
BREBDOEERE B o7,

4) #REHE PTI (H6)

fakbg e PTIORMFE.E 7oy b LD E
6 TH 3, PTIIX, 3~5HzIC L& T 3% &
T5~10Hz A ED/in K& LB L5 Tho72,

5) eucapnia Z {2 DIZLE L TEWERIE
(E7)

R E% % 3Hz » 5 20Hz £ TE 2, &K
B Z L 1 E#SE%FE L T Paco, #
35~45mmHg CED L S LB E DR ENE
RIBOAE S ZHAEL, HRIZFT D@D T,
5~7.5 Hz DK [E$12 3> T, eucapnia % f£
DD ELRENELE L —F/NE L 2 2A
BHo72,

6) MFKRy 7 AARE (MBP) 200,
MECRIZTHE (k1)

7.5 Hz O#Z B T eucapnia &5 %2235,
MBP # £ 1t & ¥ /2o MBP 2 -4 2 5 —10
cmH,0 % TEbL & ¥ /2B KRB IME & (38
BirR1OZ L, LA EIRAMER, &L
AEZELZVY, DHEAME & RE X, —
4~—8cmH,0 £ T MBP K& %2 31FL,



AL 11992 44 A =t 1 ==

Lp< 0.05

““““ 1
i

* 5Hz TV=7~9ml

e 10Hz TV=6~8ml

B . 4 15Hz TV=4~5ml

I\I Mean+S.D.

T

10

I | L | | ; MBP
0 -2 —4 —6 —8 —10 cmH,0
4 KR v 7 AEERERE (MBP) 43 Paco, CRIZTE
(Paco, - 4 VEDOFH{E+S.D.)
5Hz, 10 Hz, 15 Hz & & MBP %% 0 cmH,0 ® Paco, i, MBP —2~
8emH,O IZHEE L T, & (P<0.05) WWEfEx kL 72, &IFE&E
H, MBP —2~8cmH,0 Oficiz, EZIIRVHE > 120

1.01

b

2

=)

<

ey

g

-

S 0.5 K I

B .

£ I\I/I___—

<

— Mean+ S.D.

F

[a W)
n=4
MBP

2 4 =6 -8 -1 -12
5 MgiRy 7 AFHEE (MBP) »° PTIIC
RigT#%

(PTI: 4 FEOFEIE+SD)

BATsEAEZRLL, FHKENEScmH,0 EXHRAS1T, BEDO HFO X0 b, IUES
DEEOMRHEEHRTE (CMV) £ HFO & M & PREHK & EEHED Sz,
gy s e, CMV OS5 2BSHE « EKAEO M



1.0

1

(=}
o
T

AT 9%15

Pressure transmission Index
APtrachea/APbox
\.
\
\\\
AN
Y
1
i
1
\
\
1
]
|
i
I
]
)
!
]
y
i
|
A

10 15

20Hz

Frequency

X 6 B E PTIDREMGR

MBP % —5cmH,0 iZ{& &,

EPTIOBEFE%E R T, wid ETT 44 X 4.0mm,

3.5mmDRARTDETH 5,

1EMEEE —FEIC L -BofKE#

® FETT %4 X

20 (
S
s}
g
&
[
£ 10
Q
]
ol
A
<

0 L | L J
5 7.5 10 15 20Hz
Frequency

7 eucapnia Z{EDDITNHERTE N ERIE
4IEDFRT, FWKREEEIC Paco, * eucapnia IZfR> 2 HE DK
ENEREBEOEEZR AL D TH S, MBP 13X CT—5cmH,0 T

b3,

z =

EARANTERIE DS IZEH <, Woillez? 13,
1876 FEICERAERRE & L TIRBH BN R A L
W EERA L EDRGFNER-> T0d, HREEE
LLTTIRRL, EEHEoATHERAES L LTH
Fo & Nz ARG e o e £ TR ER i3,

Emerson I2 X %2 “SkDif”Y BRAIIZEEZ SN
TWwb, 2RI ADORITE &bzt % EEE
L, HRAKMTHER SN, Lorl, [ENEE
LA EDRIBERATHREOHKZEIC DN,
ATFRERIBOERIE, BER D> TALYL, B
DIZRENF 2 —7 2N L EHOBERA L
WETIE, TEOWESL VHEETHY, —EiR



AR 1992 24 A

xR 1 MRy 7 ARERE (MBP) »ME « DHEIC RIZT B2

(4 IEDFEIELS.D. THER)

el L EERNE sy
EHFO(7.5 Hz)

MBP —4cmH,0 - 107.5+15.0  66.3+10.8  247.5+31.1
~6cmH,0  122.0+16.9  68.8+10.2  255.0+15.0
~8cmH,0  133.8+ 8.5  72.5+ 9.0  247.5+31.1
—10 cmH,0 124.5+12.7 70.8+ 7.5 267.5+16.5

HFO (15 Hz)
MAP 5 cmH,0 96.0+18.3  64.8+ 6.3  267.5+16.5
CMV (20/4)

MAP 5cmH,0
S 76.3x 8.2 51.83% 4.7 275.0+21.8
SR, 97.5+16.7 69.5+ 9.4  268.8+16.7

EHFO T MBP »#*—8 cmH,0 @ B¢ © IX #& # f1 F£ &, MBP 28
—4 cmH,0 @ EHFO, MAP %8 5cmH,0 ® HFO-CMV L THEWK

EfEERLZ: (P<0.05),

J[ER, BENERKEORE L LBENES TH
5, LOrLBEAOH# SR, [REAFETCLIRE
PRize k, RENCATEZEBEL AT
BRVWIET, INRIBECEREEZKE0T
7z <, HEOKEARS®, K&K AR
REYEBRREE (£-308#%) o&#HEL KX
WV, ZDZ kX, NAINVHA UBEELTNS
B MERER T 2 B E DTN TFRFEEADOBITO
FEZEBEDOUV LD B> T3, BT, ke
WEDSIEE BRI EBEICEND 2 L & 200
ANDOBIRERTROWD, VMENMBEHOMED »
b, I LIBRERATFRIEBORAIZS »hrb
57, EROMRIBEERALIERIEHA K L 2
WERE L TIX, ) EV-HEE2 AL Tl % LR
SR DI, REBICHENCKEZEBES
DXV HEIhEE ST, BERY 7 X 2%
B3V LILENDD, BECEEREEZ %,
o) fEELRRER Y 7 ZA0MD Y — 27 %25 < HBY
TRYFahleEhREB2LENTLE S, /)
fekDRERA TR, BHEOTENELF
FALZEERED N VX —BTERWVLDT,
SIMV 7V v ¥y « i R— b s EOBEEN DV
TEHY, BENRD D 2 BHIZ, fighting L
T, BEBRHITFoND,

E, BPEOFERBER TR, EXFURAE
HEEIRBGE (LT HFO) 28, EELITERA
2B air leak BEDOATLIFRZF L L THW S
NEEIERNBRECERLTWBE2, ERX b
> HFO OEFRIIF S & L TR,

@ 1EBEELVEVDT, METOFELES

he L, [UEBEBL RV,
@ BERDALZS TR D activelzz & h b
DT, air trapping DEREHD 721,

@ HEHELERET « FERICHFR 2 I TH
B

@ FHZENE E —BRKE L 2L TE
HT&50DT, Pag, & Paco, #iL L TH
BUETH S,

® [MESLIEHENEOEREDOZTEHD 7200,
REBRHIFONTNDE,

FHRTIR, MWD TS5 4 TV ABKEL
DT, EAXBREAATRR 2175 LTRERIT
BhvreEZ 6hb, Eic, HFO 2&4 A
THREE L OUsATE, ElRoBRERATE
REED WL DO ORIE SR T 2 (gL
%2, £7, EHFO TiZ, 1EBEKEN/NS VLD
TRERY 7 ANDEZREH/NS L, ERDBRE
ARALIERERIE EHBE LR Yy 7 ADM %2 FE



S BLENET W, £, EHFO IZ & 2 fg&E D
REhHS, HKEMEE RN L TR 2 % 3 20
7o, BRERMEROH 5 8BHE TO fighting DORE
bEHE D, EBE, Ward’s i3, [ETIBEL
lexaDEE 2 EHAMICEE L, B2 HFO
EBEIZHESH L TEHFO 217-o7: £ 2 %, 6~25
Hz TEHRFEAHEELLIC b5 T, EY)
BIMWAHAZHERFTELLEREL Tw %,
Hayek 5%, 32 H8»5 6 KD 4 ZOWRAE
DERBOME~ EETICENEERy 7 A 2 EE
LT 3~8 Hz T EHFO %2 ffifT L, M#&EH AFTR
DUENHERINTEREL TS, kb2 2
23, EHFO BEATH X, a8 534 o HE it »3
BEsNIEVnI,

Hayek 51, EHFO ToO Z##BRE&ME X, &
BORFTEREIZ E LT3,

bbb WER L Tw3 EHFO © 5, &
HEIZI1Z Hayek OF W EBERILUE EEZ 5
n3, SEbhbhid, ZOEBEZHAVT, EF
iz ORRICBIT 2 BHBAEMG 2 KD,

FTRERY 7 ANDOFHRETH 2L, BHE
{LEED 542 T & % Pao,/Pao, (LAT a/APo,)
X, Xy 7 AREHR—4~-5cmH,0 ¥ TiZ, &
ENKEL 2BIDONT a/APo, 3HKAT % 23,
LA EDBETIE a/APo, BEEITH IR 2 Z &
Dol (B3), Ky 7 ANFHRENKE
(R BIDONTHOEENEIEIEA BRI
ENWET L, EFEMTERY 7 ANBRE
»—5cmH,0 DL ETIF, @R L IREIC
%Y, a/APo, REITHICE D TRV EE
25N 3, Paco, £ DBIGTIX, Ky ANFE
BEE® ¥ uDHE L, Paco, XE» o723,
b3 —2cmH,0ODFEHELEZ T 2T T
Paco, FFEHIZETL, ZhlUlEBEEZ» T T
b Pco, IZIFEAEEMLEL-T: (H4), &
®O HFO Tz, FHKEANEX, Paco, iiddH
FNEE LTI EBHLSNT W 3, EHFO
Tk, RAZHMES L EZ, BERY 7 AN
ZHIBEICEE BE IR LDT, Ry 7 ANFEHE
En¥onFéEid, MRy 7 A CHEEES RIS
P2, BER - flia> 754 7 > AHMET L, R
FEMBMETLEZOTREwhEEZONS, 20D

AT : 9% 15

ANBRZBRGREEDEE O 72 H 121X, —2 cmH,0
BEOOLTHEFEERETHID LI TH S,

EHFO OB DOBBIMEEDOEEL & %
PTLizx L T, MFER v 7 A NEHEE I,
BEAEEELZVWESTHS (H5),

UEZBELTHZ LEEMEZEODRRD
EHFO iz ®7: > Tk, MK v 7 A D FHeHE
i —4~—-5cmH,0 TH+aEEZ 5N 5,

W BT BB TH %, WA 7 ANIZ
DD LI-ERE R e % N L CRENELH
LT BEDETIZ, 7.5~10 Hz LI E»RIEKE
ntH>ThHD (H6), LrL%Axs»s EHFO 12
Fansd /NS LFUENELE THEYI SBR[ ET
5] EWSEAMSIE, 5~7.5 Hz 0 R EIEH
Ylwliiensd (A7), [UEDEEE %8
F312iE, [ERORERAE L EXE* TE 5
PRHNRLSRE NN S TH B,

Chartrand'” %/, Hayek® & [OOSR %
AW TREYIB L 727 % ¥12 3~15 Hz T EHFO
PiTw, EEM Y Y ¥ T, 6~9Hz T3,
Pco, Z IEH MR+ 2 DI LB R 4ERRE D
ffig4 v e—rAbEMT 2 LH|EL T3,

Ihoer2EZRbE2 L, EEMZETLIRR
WEHFO 2 {7+ 2 5 & O EH B K @ 1L,
5~7.5Hz H7: 0 Th v, EHMFRIZ EHFO
RHITT B12hl> T, MRy 7 ARFHEE
£ #%—4~—-5cmH,0 & L, #AK B % 5~7.5
Hz £ LT, BRI A H{ER2 A5, 1
ERE E MARRBE2AGH T LTI EEZ
H5hb,

b FER L RROEEIL 2.5~3.5Kg
T, IZIZt PR OEEICHELL Tz, E b
FAER KRR TIR, & FOBIIFHIEE b
IVTITAT AREGR EOYEENSEE L R
nHEEzZOND, oT, ZOFR2ZDZZE
b bHERD EHFO YTk 2RIz i
was, Y HZ 7, b FAERIC EHFO % T
TAGEDVREOBREDESE I LETHA
I, SHIZ, BERCHZERRSSE MBS
EHEBPURFFORET 2TV 20,



AT 01992 44 A

1s

&
EHEMEZHE T 2 RAZEHHMEL 72 LT,

AAEHEEIREGSE (EHFO) I TALER
L, Y2 BIRI A A ST E 2 HERF T2 2 8T

s
2

HEEGN LOBLA» 513, MRy 7 AW

I E —4~—5cmH,0, K a4 5~7.5Hz
NEEBRKREMEEZ oL,

3.

ZDFRHET TRBEAA LRI CHEL

TFEIIME & FIREDSEAR L 7228, HRHAMIE &
LB BREREBASNZ L o7,

(1991. 6. 14%)
X #

Emerson JH : The evolution of “IRON
LUNGS”. Cambridge Massachusetts. J.H.
Emerson Company, 1978

HNIER, WEHEkX: € b REHEEATIT
RABOEFENRRAZRADICH. HNESEE
90 : 884-892, 1986

H A IE#8 @ HFO o B R Ie A .
43-52, 1987

Tamura M, Tsuchida Y, Kawano T, et al .
Piston-pump type high frequency oscillatory

A LI 4 :

ventilation for neonates with congenital dia-
phragmatic hernia : A new protocol. ]

6)

7)

8)

9)

10)

11)

— 923 —

Pediatr Surg 23 : 478-482, 1988

HATIER . SEEATRER, NEEZOHES'
90C, #H/NREF¥K%. ppddb-60, HEE, th
L TE, 1990

Tompson WK, Marchak BE, Bryan AC, et
al : Vagotomy reverses apnea induced by
high frequency oscillatory ventilation. J Appl
Physiol 51 : 1484-1487, 1981

Ward HE, Armengol ] and Jones RL : Venti-
lation by external high-frequency oscillation
in cats. J Appl Physiol 58 : 1390-1399, 1985
Hayek Z and Schoenfeld T : External high
frequency oscillation around negative
baseline (EHBO-NB). Preliminary trials in
humans. The 5th World congress on intensive
& critical care medicine, Kyoto, 1989
Dreyfuss D, Soler P, Basset G, et al : High
inflation pressure pulmonary edema. Am Rev
Respir Dis 137 : 1159-1164, 1988

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

Chartrand DA, Maarek JM, Ye TH, et al :
Lung and chest wall mechanics in rabbits
during high frequency body surface oscilla-
tion J Appl Physiol 68 : 1722-1726, 1990




