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Recently, two new ventilatory modes, which were named automatic tube compensation (ATC) and
proportional pressure support (PPS), were developed. ATC can compensate for the flow-dependent
pressure drop across the tracheal tube by a positive pressure support in inspiration and by a negative
pressure support in expiration. ATC reduced patient work of breathing in volunteers and in mechani-
cally ventilated patients, and allowed prediction of successful extubation. PPS is an alternative mode
of partial ventilatory support in which the ventilator generates pressure in proportion to the patient’s
effort.

effort, and the impedance of the respiratory system.

Flow and VT are determined by the level of proportionality between Pappl and the patient’s
Ventilator assistance terminates with the end of
It is thought that

ATC and PPS are useful ventilatory modes, because ATC and PPS can increase the patient’s respira-

the inspiratory effort, and RR is determined by the patient’s own respiratory drive.

tory comfort and reduce the cost for the respiratory care.

[FL®IC

wlL, ANLFERER & B3 O B FEFR & OFICR
D OEEFRACESwIHFL LK E-TF
[Automatic Tube Compensation : ATC]| &
[Proportional Pressure Support : PPS| 23K
WHEAINZ, T, BEOMIRAERE R
W3 20D T, AR OERKS L O
BEOPRES 2ERLIBK{E-NTH S, KiF
T, 15 ATC & PPS O BERIIR N & IR
TOMHRBAEEREHL T2,

* ALK F AR I B be s i AR
= ANSNHE R ETRBERR R

1. BEMRIEENL ) ICEHRENTWSS,

ZD2ODWMKE— NEEBET 202, &
N DOEFEFERE D X S IR SN TS HEFE
Lz iiEs ok,

RM1Trd Loz, ZRTHEES 37
i (KD, K& SO AFRANZRON
NE2EBLERHD, FORDIEMOEIKR
IV EL RoRhiEE kv, b b TRIREE
W RERRIE & AR 2 & DRSS UG S &, B
HHETH 2MMOBFERERSE S, TR
FIRENEDBEESKRE %D, FZEE 53]
RONTHERL, MilENEMET LA EDERZE
(KEE > BENE) 234 C TRESTER E NS,



RSB 2 P
EDRUREER

‘ -1l

KSRE>FAE

N FazR

—

MBS 344
E DR ELER

Pmus

/
‘ WE2OLT5N

ARE<BAE

X1 BEFREROREL

WS DTER N D 12012, KEH SO HRANZLOFINEES LB,
D% DN ERRIC [REE>IRAE] %2 F&E2ESRIEE 57400,
ANFRSKE IR 2 & OGS 2 IR S €, F#EECh 2o RE %
A, MENE (WAL 2BEICLTWw5,

ML RTER T 2 7011, ko o KEDOFANEKDO TN E1ES
®Woo%) [KRKE<HIAE] %23 ERERZESRER S R0, PRE
I IR e & DR S Z B I IThh, O RREANEA LI5S

AL D 19% 2 5

BfLE5E3hH

poEESh, WERE (WRAKE) BEECE->TL %,

7o, WinoRBEE2sHT oo, ffinrs
AKEDFANEROTNEELLEN D D (K
DIERR) o ZDIzDIWIIOE %2 K&K L DB
LFRiEesnwy, b N CREEREZ: L ot
EOSZEIRNICITOI, KOS LR L
Tzl » o EEHS LS L5 WEEL T L
3, ZORR, OERZEF LKA & DEEZE
(KEE <BENE) 234 C TFEBER SN 5,

2. BRMEERNESHHER

fifi % [ % 72 I BRI s & OIFIRAR 13, OB
Pl EOMMEES (R cmH,0///sec) & 5#
YT (E : emH,0/0) W[5 BE>HE (Pmus)
EREIEILEND L, ORI L %
i &% WEPmus i3, ROKXTEbLTZ
EBTE %,

Pmus=RXflow+EXVT (1)

WL ) &5 2 5 D 2 TOMMEEPL (R) &,
SENRE TS 2 -7 RRE R R BET 2 BIckE
ZEDOHEIWCAE LRI O—ET, I T4
HTOWERE, #E X)), REZL &l
T2, EEEGL (E) S3MELT5cEL 2

B ho—fT, Wila > 7547 >V ADHET
Kbahd, MiEEII2EET ABICERICK S
DX, [EOFENLER (laminar flow) 2»ELHE
(turbulent flow) 7 Th 2, BROEE, FED
B I ED S FEEER, N—7 KT XA
2 (Hagen-Poiseuille) O (delta-P=32 uLu~+
D*: W D, B [, B L, FHTHE
TERbIWY, GLIROEEE, Blasius DA%
SwkoTHEHINE WHENFOREERR,
g, MOE-Z2HME2RTAHZ L, ELEED
BEIPERBAGCEESEAT VY AL
(hystereisis loop) 2% >TW3DBbL»5, L
EXY, EEEO Pmus ORBIERE TR H 3 23,
FER TOBRBEREICL 2 L 51 BB TERD
o TWBEREL THWSORTW S,

bL, RPEDMENIIER LR D KERERR
L XS khiE, HARKIIC Pmus 28K & 2 {E 12
A EDHBETE S,

3. [EFa—TIL2ERER

HEALEBEORET 2 — 7 BEE I NLLHTO
R, 1) TRbEND, 2D LD BRE



AT 2 2002 4E 10 B

cmH20 (
30'0L _ ID 6.5mm
20.0
EsE ID 7.5mm
i ID 8.5mm
10.0 |
0.0
0 30 60 90 120
1
— 145
2 FETROEF 2 —TIc ko TEL 2 FHKE

ANLFERES Evita 42 (R —7 L iH8) 2HWTREF 2 —7
(V) >r7uy bHED) OREEFEOREFE % Guttmann 50O 5 ik
WHLC TR, 3SEEOF 2 —7 L bichE U HE#E, delta-P=
Kl xXflow+K2Xflow? TEb T 8 TX7, K1, K213, 6.5
mm®»DEE5.771, 4.855, 7.5mm D& X 3.395, 2.913, 8.5mm

DE & 3.451, 1.656 TH-Tz,

- £ At

CREFa—THRESRD L, HEPRICHE
7% Pmus’id, AHK O Pmus CKEF 2 —7 Dk
MRS (Rtube) 23 b

Pmus’ =R X flow+E X VT+ Rtube X flow

= (R+Rtube) xflowt+EXxVT (2)
xR B, WREMICLELARE S 2 —7
IR 2 BN S R, BRI © ORSA IC &
HENPFEIELRD, BVMAZIE, HFEER
THHIREOKE SOWRKTHEEZIES =011,
KE T 2 — 7 ORI B E 2R L 72 0 gk
VWL, [ETF 2 —7 bSO TR EETIAA
Enhide3irE, E&EZE2ARES Ladnid
oW,

Gutttmann 513, K& F 2 — 7 DAL & &AL
Ui COEEZ (delata PETT) & ¥ & [&E I
HZEL, 2 Ea—2icko> CHEBREZHANS
2T, B RO ST OHETREF 2 —
T LB EETHHED =KX (delta PETT=
KIXxflow+K2Xxflow? : K1, K2 l3f&$) THEX
naZERRL, B2I2EEH Guttmann O f
HBESF WU THIE U RGO [EiRE L R i
HOBFRERT, BRAFEPIKEL B BI1EY, %
IFET 2 —TONEPR L BB ERET 2 —
THHTE UL ERENKEL B D2DBbH 5,

4. Automatic Tube Compensation

(ATC) &iF?
[HEWICF 2 — 72 REBT 3] Li3EI VW

ZERDOM? fEHEICWI Lk, ATC L3, g
LEzRETF 2 — 712 L 2 MBHREEOFEE%,

ISR X5 FEREBD CER R I I e B T, X
B322LThHhb, Fr—> VB EVT 4000
(Evita 4®) c##xhTwa ATC i3, deltaP=
KX flow? 72 % f& 5 2 TR SR IS X SOE N E % 18
s, FKERCISENE2BL ST (KK
FELATICE R 5%20n), Fa—7 0T E2E L
w3, BEKE S 2 — 7 kimE i, Bl
ELTWRKENE L RED» SFHEL, HifE Lo
SGENE EFRIFFICERRL TV 5,

5. ATC & Pressure Support Ventilation

(PSV) &mEWE?

RES S DR THW S L TWw3 PSV iE, Kk
SHHEZEL CTREORIFNHIMZ 2 L5 12
—EDEEIED, MTHMEZETL2ETRESL
—EDEEERT MR E—NTHE, L
T, WREIZBEEEOFR R F 4 712 k> Tk
EIhB,



post-operative patient
P [mbar]
20

IPS 10mbar

15 30

P [mbar]
40

AL 19 % 2 %5
critically ill patient with COPD

IPS 15mbar

10 20
5 10
0

0 1 2 3

t[s]

3 PSV & ATC OEEOFI
MOBPRENE, KOEPRENEERSRT, PSV TlF, SEWE&SENELFRU L
> ENE %, ATC TlE, [ENEELSIENEREZZ2EBEERRLTWLID08b0 5,
(Fabry B, Haberthur C, Zappe D, et al : Breathing pattern and additional work of
breathing in spontaneously breathing patients with different ventilatory demands
during inspiratory pressure support and automatic tube compensation. Intensive Care

Med 23 : 545-552, 1997 £ v 5|H)

X3z, Fabry? 237 - 7-ffie 8% & COPD &
HTDPSV L ATCOEEE 2R T flVERED
SUEAE, KOBRBKJENELZTRT, PSV T,
S[UERNE ERENELEC &5 kB 2L, KK
BTRICIIEVWRENERNE L TWED83b»
35, L»L, ATC Ti, KEHNE L KENER
B 2E1X 2R L, BoQENEDOES N PSV
WZHRT/NEWOBb»r S, £z, BREFREOSHE
HNEDHE B IABBNE DO N S,

T, PSV & ATC THEDORIE TR LED D
e [REF 2 — 7 OINLH TOEGRR AR S8R
St L7z Guttmann® OB TIE (K4), EfE TR
T ATC DFEDOELITFHEDOZLITEKFEL T b
B, ET/RY PSV 10 cmH,0 OFEZ, FE#EIZ
#ERARIZ 10ecmH,O KHEE I N T Wb, FDH
R PSV Tix, ©@OEFHTIE, MEBICE->TEL
ZEOFAEU EicEERELTLEY, HI2O
O TREDEMUTICREEIToTLEST
W3 EDbh b, Haberthur? 13, KBV %

ZTTOwEIREARLEBEET, R ERLE
(CPAP) & T fhn & #u 7z additional work of
breathing (WOB add) #»% PSV O#§BhE % # i1
BRIHE L ATCOBEETED LS CEILT 5
DPRET LT, SPRBKENI0IUTO L &
%, PSV £ ATCORICIEKEREZRZ R WD D
D, 10 [ LA E D EFETIE, CPAP B Fhn&
R R E PSV 15emH,0 12 THREL
Ehxhrolzd, ATCIZX->TKRELSREEN
oo D%, [EYVIHEF 2—7 0D KEN
WOB add #2< bW HHL T8 YD, PSV & iIxtE
Bz ATC 1%, BEOEABRRE B WTY
WOB add #f{E L Tw 3 T Tw 3,

Guttmann 59T R T T4 7 2 H I
QE—F (PSV10cmH,0, KK DO A TC B
FORR LK DO 12 TC) O EE DR T
X, PSVE—F»5 ATCE—NREET % &
FER DO HGEELS EFH L, i ATC 2» 5 PSV A
DEETIIMEROEELBI Lz, 2F D,



AR 2002 48 10 H

cmHz0 @®
30

2 -
FRHAE |

10

®

I A 6.5mm
I
”w ATC
I
‘ PSV
M

90 120

1%

4 PSV & ATC OFEREDE N
FRTRT ATC DEDEALBTEDZEALIEEL T3
2, ERRTTRT PSV OFEIE, 10 cmH,O0 CREEIN TS,
PSV T3, @ O#HTIE, HRCL->TELBEDELL
FiEEZREL, #ic @ OFFS TIREDOELLUTICIE %

f??fll)%)o

(Guttmann J, Bernhard H, Mols G, et al : Respiratory
comfort of automatic tube compensation and inspiratory

pressure support in conscious humans. Intensive Care
Med 23 : 1119-1124, 1997 £ b & 51H)

ATC ¥, REF 2 —7 12 X 2 BEDOTRM-FER
AR L, HFEFFROmMEREZEME ¥ 2 &
Bbhrolz, £z, HKFFIZBWTS, AL LD
KERTHY, ATCE—FTHLRERICT = —
TOREEIToBE R, WMEBESL LI L8
biroiz,

6. ATCHZE&®

ATC i3, BEOFRMEFRZERL, HFHIT
WO EREZEME ¥ 2, [EF 2 —TDRE
EHERRT B 2 EWMATRER DT, 3o XD LTk
EYEREEL R, BREOBRELRISE S
REERDH D, L, Fa—TRHIEODRERZE
DEICLESIVuhRY, FERBROESH
BoTwbd, ATC*ERICEBEWITERT 512
&, ATC ML Lt BRE—RELTEZZD
T3 <, MEROHSKHB L —RECHERT L
NTED, MBWHHILI:ERBITHZ EF 27
Fo8kwntBbhs,

7. Proportional Pressure Support
(PPS) &1%?

B2 B, (Proportional Assist Ventila-

tion : PAV) 1, MBS HBIL THE L 2
AL S & WS OB 2B T 572012, it
BB IUREEZ2E L &E 5 AT R OS5y
AEiIT—F L L TRIEEBESINLH L WK
E—F®TH D, PPSIEF Frv—4 0 & &
Evita 4® [2#E# & 17z PAV & BEEEREICIZ[E UHr
LWIRE—ROELHTH %,

8. EHMD LWERDOERL L7

t & B FEPR T — [EHS R R 5 S 7 O I ETR
L7R1A) (Pmus=Rxflow+EXVT) T,
Pmus 7z % [£ 2 #kalE 2 & QWK B L 722
nEzskv, #EETE, Pmus B KEWIEE
WA AR (V) 8K E L 50, fiEERE
TliE, SaEES (R) o¥indswiza 774
7Y AMET (E OB D7 oIk E&S D O
RS E L, RURSKE 2> THK
AHABRBDRL kb, TOXSRBETH, W
W NS CHoRBRERRE O LTS
B, ZOIRFELRIE T 5 L R AEF LT L &
S AREMENE L & B,

ANLFERAER P CIERIRR Y A T AfI & h
L& E (Paply) &, ATFERI[BIESE %



Pvent L9 5% &,

Paply=Pvent+Pmus (3)
HATELENDEY, DF D, HFEFED L X
1%, Pvent=0 722> & Paply=Pmus & %% b, 5¢
EWEHFEFEED 720 & E1F, Pmus=072 5
Paply="Pvent & %% %, (3) @ 4 1c — [A[# 5 &
VT 20iF3 &

Paply X VT=Pvent X VT+PmusX VT (4)
L, FIRHEEEE2HS5bLbT I LXK B,
Pvent %

Pvent =K1 X flow+K2xVT (5)

(K1 : cmH,0/1/sec, K2 :cmH,0/1)
LA THERTZE, (DG 2B KRATS
En

Paply = [K1 X flow+K2XVT]+[RXflow+EXVT]

= (K1+R) xflow+ (K24+E) xVT (6)
%55 (6) 31F 5N 5, (4) DA Paply XVt »3
Yok &, WHREFRY AT AfmEns i
KIERAEEDL Xl k%, 6) RDOHHE L —ME
BKEOMRE R BE OREIRTT (R) & DT
(E) c—s&ehiE, NLHRIEHFOEKT 2L
Pvent %, BEOMEERG B 3 %5 Pmus & —
BL, WhkHABREEER T L5, £2T
FEZoNIDD PAV &) H LW E— NOE
& THY, Evitad®izid, Pvent % FAXflow+
VAXVT (7) (FA :flow assist, VA :volume
assist) 7 2 N TR T 2K E— F PPS 2345
#ehic, PPSth, ALFEREIROIED HTHE I
BEOWKE OB E 25 DT, BREBHHK
i e 513 EATERSROED H FEIZ R
&b, ZOBMRIE, —MER—IERORKE T
OFELDOKRE SWHELL, M2 T, KRHFOKE
WED/$Y — 1%, BECL>TEVHEhBE
R —v BT 5, PPSIZBWTIE, FEROD
TXRTOERFZEELI> b — L, Dus?
DEENLZERD H 205, AT EE DR
WEINCAFA L 208 & FERR R Fmo & &
%5,

PPS € — FTOHREMNEROEKIE, BEDOH
KRBT 5 &, ALK % 5th 3
%, ZOMNROEE —EHSKEIE, BEORK
B & W R R ORI IEGT RS TIC L o THR

AL D 1942 5

EFEE3ND, BRCRESNE HDIF, PSVD X
) RREHEETREEL, BEORATICBT S
YL & RO AR OG0 TH
%o NTIEER L BE OFERESS 103 5 % [ FliBh
2IT0EET, A TR ORI BREORTEE S
DT T D, NTFFREBESLEIE, BHEL
AR EREB X U—RHBGEICL->TT) ORX
MOWE SN, WHEREIZEBHEEHORK N A 7
EoTHREE NS,

9. PPS & PSV EMEWE?

PSV i, WEEENEEOESZ P YA —L T
oY R—bEFEKBL, —EDEEYKR—-PT 5
Tk EHET 5, PSV KO Paw O,
risie time, PSV level, termination criteria 7%
FiZEoTHEE NS, PPS D Paw D ik
FA, FV Offif§El &It > THEE NS, PPS
X, BRI 2RBERBERRECT S I L
T, BEORYLEIERY A TI7A4T VA
CISC Kt %2 T2 Z EH[RETH 5,

Bigatello 501, —EKE LXK E 714 7
DRKEZELLTPPSORIRET A MilixHWT
Mt L7z, WiBIORE % 055 30, 50, 70% &
g Twit, avy7Fo54 7 AN EVLE
&, EPSEWEEZ L CEE S5E & b Ik
HEEIBD L Tuol, Fii—HEBKED
0.5/PAL, DFEVHMRARTA THRREVE E I
PPS OFhRBHS DICHIE Lz L #hEL T %,
%7z, PPSTIx, fioRBEBRboTH, F
TR D N Z7 4 708 L T, RELIHBNIC
REBEREZAS N WD, PSV T
K[ TA 7D EICIFEBROHBYER L 2D,
MK EWHRF 74 70 & &I ZEBOFMBIL
W/NER>TWDB EHE L Tw 3, Giannouli
ST 7z PSV L DR TlE, SRS R,
TI/Ttot (duty ratio) 2B E D 21X 7% W\ 23,
PSV Cid—E#KE IHHBI 2 ms & 2 L FHW
WML, WRBEEEA LT, £, PSV T
A E R U, PAV CRRER L Loz,
i, EEBOWRSKE LY b PSV 0K SHEFHHE
BRWIZDTH b,

Mols &'2i%, PPS ® VA i D &EH L THK



AL : 2002 410 B — 9f =
increased
elastance
pressure
\
ol e
Il VA
normal
e ‘ T PSV:
PSV y changes
' J/ ‘ of level
LT
<«— VT — volume

5 PSV B XU PPS & —[Effaki i & DOBEfR

PSV BEMEE SR TV R0, Fioy 7 b Lic—AHEE & EOBRIC
—H T IT LA, PSV OENEW L 2 I2IEFEIZ, PSV OEMENLE X2
FnuGEsiE s s, —7H, VAR, —FEESE S EOMGREIERIC
b5 2L Tt —EHS R 263 %,

(Mols G, von Ungern-Sternberg B, Rohr E, et al : Respiratory comfort
and breathing pattern during volume proportional assist ventilation and
pressure support ventilation : a study on volunteers with artificially
reduced compliance. Crit Care Med 28 : 1940-1946, 2000 X © 5[F)

D A AT IR, e iz PPS D)y
DSPSV L0 b, FEROREEA L 2 & A
L7ze PSVOMEIENEL >N E L T, —
R EOKN X aNE T o N, ZOFHHEL
T, Mols i35 T/RY & 512 PSV 3 [E LS E
ENhTwdlied, QDESKCERY 7 FLI-E-
FERRERIC BT IE v, PSV OFENE
WEE (D) 3B IC—EHSEIMHE & 1,
PSVOEMMEVWE & (@) 3P uitkaEs
Hasha e en, BEOEREMESE S
ZEeBTERWVWELR, —F, VAR, E-EH
JHERROMEE 2 IEE R rbe 5 2 & THYy)
—ERRE AT 220, BEOER 2L
SEDLEHHL TS,

10. PPS mfl&

- FROZEALITIE L 7z WOB O
o« kD PRz IR (B & N TR ORI &

nEREFoND, £, PPSOEKRBHICE
WX, WY N 74 79835 5 LI &
e DED, WEFZ 4 7HE S T THK
[UEPHBKELHL L Twd & &1k, PPS
ARG e R R (S U s R bR R IE S
MR & F—y A %25 &2 T REds H
&

Ehi)Ic

A TIX, LK E—F ATC & PPS %
BALlk, 4, BEEROONLTVWEDIZ [EHE
DOE] ThY, WEREBEICBWTY, BEOER
B 7Em0 L, ANLTFEREEIAM O EE IS 2
A b OEE L, L TATHRREESTOR T
LEEOPHES KD SN TS, FDOHETIE,
ATC B LU PPSIZ I s QIR ERICHE
BHPKE—RTHB ELEDLNS,

X m

TR X Vo)
S DI U 1) Guttmann J, Eberhard L, Fabry B, et al:
- EFENBETE 3 Continuous calculation of intratracheal pres-

c [ENEZELS TE 3

sure in tracheally intubated patients. Anes-



2)

3)

4)

5)

6)

7)

96 —

thesiology 79 : 503-513, 1993

Fabry B, Haberthur C, Zappe D, et al:
Breathing pattern and additional work of
breathing in spontaneously breathing patients
with different ventilatory demands during
inspiratory pressure support and automatic
tube compensation. Intensive Care Med 23 :
545-552, 1997

Guttmann J, Bernhard H, Mols G, et al:
Respiratory comfort of automatic tube com-
pensation and inspiratory pressure support in
conscious humans. Intensive Care Med 23 :
1119-1124, 1997

Haberthur C, Fabry B, Stocker R, et al:
Additional inspiratory work of breathing
imposed by tracheostomy tubes and non-ideal
ventilator properties in critically ill patients.
Intensive Care Med 25 : 514-519, 1999
Younes M, Puddy A, Roberts D, et al : Pro-
portional assist ventilation. Results of an
initial clinical trial. Am Rev Respir Dis 145 :
121-129, 1992

Younes M : Proportional assist ventilation, a
new approach to ventilatory support. Theory.
Am Rev Respir Dis 145 : 114-120, 1992

Lua AC, Shi KC, Chua LP : Proportional
assist ventilation system based on propor-
tional solenoid valve control. Med Eng Phys

8)

9)

10)

11)

12)

AT 19 % 2 5

23 : 381-389, 2001

Ranieri VM, Grasso S, Mascia L, et al:
Effects of proportional assist ventilation on
inspiratory muscle effort in patients with
chronic obstructive pulmonary disease and
acute respiratory failure. Anesthesiology
86 : 79-91, 1997

Du HL, Ohtsuji M, Shigeta M, et al : Expir-
atory asynchrony in proportional assist venti-
lation. Am J Respir Crit Care Med 165 : 972~
977, 2002

Bigatello LM, Nishimura M, Imanaka H, et
al : Unloadiing of the work of breathing by
proportional assist ventilation in a lung
model. Crit Care Med 25 : 267-272, 1997
Giannouli E, Webster K, Roberts D, et al :
Response of ventilator-dependent patients to
different levels of pressure support and pro-
portional assist. Am ] Respir Crit Care Med
159 © 1716-1725, 1999

Mols G, von Ungern-Sternberg B, Rohr E, et
al - Respiratory comfort and breathing pat-
tern during volume proportional assist venti-
lation and pressure support ventilation : a
study on volunteers with artificially reduced
compliance. Crit Care Med 28 : 1940-1946,
2000




