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L. Fif

55 VEIRF D HRTTHE-CIFIR N R, (OB & AR R (M%) o e A Q7A=Y o0
DIERTH Y | BERMEELEBN IR 2 HIR S 5 ER DO —>TH 5 Y, Fi{ER O#TTHE
RO N 2 5| & Z 9 OGS BHEIX&RICRET 2 2 L b, L OXRN
FRRIZIB W T EERRE TH 5, OB E S BT O ATTHED BRI, #AULT
A, RYIOAMET & F—v A WLFHEIRE R H 5 & S 2, ik 253, KR
9 o M RPEEUTIT & o TH U 2 Uit A 3 RO THEE D FR R & S Tnd 39,
e F 4 O AU FE AT I, FERN RSO R (HRMAKOTD) . A 208 B i
MO T, FARMEREDIR T BT 5, £z, FHHMRERIC L0 itk R o G IX
AT DK 50% £ TIK T2 Z L3 lE ST Y 59 K2, HRBRRKEMET
%5450, ZIBITHi D SIS K D= T T AT AT I b 57, TTiET S
R D% TR MR L 72D, F o MR T I OISR KRR A T
72 B NS FHRTEIRIZ £ 2 AR W £ - TAEL 2 & S Y| BRRIERED IR TIE
firr o HiRAREDORMIZ L > TEL D 9,

=07, PRI R R R O R e FERER L EE SN D Y, MR R O S
ARETIX, EICBIEMR ISR B E GG E LWL O OBFRA G ShTng 89, —
D HOWFIE, FER D & O REEE) Y ) 2 &5 3% motor command theory T& ¥
0 ZToORF, LA DO B D05 ORDIEAN 2T T D, =

DRI ZNOHN EANDREF I A~ v FRFRINERAHE T LW D THD B,

1



F 7= BB O OBIOIEZARIC X o TAE U DR X H ) & AR A Oz - T
EU DR DIRB SN TV D 9, DERIZEUT 2 RN R EEEG T, HeoRfiAE (maximum
voluntary ventilation; MVV) Zx}4 % 235 &  (minute ventilation; VE) Okt

[ L B A D & AN ST Y . VEMVV i3 Dyspnea index (DI) L FRSH TS

14)

PLED T < I3 PR B O KR MEERIC & - T VE 283 578, #ifiic
AU B AR BRSSO EEE) O N2 L o CT—[El#i% & (tidal volume; TV) & E&F
BRA4 T 5128, VE HHNTA DRI IZAF] & 72 % W% (respiratory rate; RR)

BEINC K> TRAE S D 47, — 75 C A REIIRER AR I AME T35 2 & Kb 4619,
MVV 2ME T35 ¥, Lo T, o DI EFIZIE. MW O T & VE OO
EVRBELTND EBEZBND, DF Y lith FHIL. PERBERESCPER A ) DK N34 U
52 LR FHEREOBKTFEEAOMIERINENEEE L 720 | 2 ORERAnk U7y
DBIE L, MERREEE AL D b0 LIS D, TS FEIRIRERRIC K 2 FIEER o
BIEL, HHE A I ME T L. BEAETRIEL HEET DBEOHIRK L 25 2 &+
BEZHIVDH O, KR EEFINEE 2N L2 BIE ik, B o B ATESED

X, ZOBOAEFICRELS BT L2 LRIBEHICHBIND, LaR-> T, itk Rl
0D 55 VIR IR R S8 A BRI & & 2 7 D D AT RIT, BEPRARSEE D AT < | R 72 H

HAE~OE IR %2 BT8R RE N AN & U CHERKE 2 R I T /RN H 5,



MR (VA) & 55 TERF IR R R OBERI W 2 s 13 20, B D AR
B TIX, VALK DB OLEL O IR F &0, EBHES) 2+ & S
DU, RN TS R T COEEBNIC IS T, I VR R R SR L
I R SR 0D T EE 7Y VEIMVY DD & Bl 5 2, ik Bl & RE 41T L 7= SE A
FETCIE, MR RBIIRE #2225 & L CHiE % 24 e B5 = # Al B)

(10cmH20) ZHifT3 5 Z L2k o T, ICU MiTE HE-orERE H AN i 972 2 & 23
HERTWD B, JEHEIR A XA (coronary artery bypass grafting; CABG) flifk &
XL LT BATISE T, BREART (10cmH0) Il LicA e T 4 7 ARA
BA RS ET %7 HEO 6 SRISATIHEBMNEET 2 Z EAMESNT
WD 20, RIS IR R CIE O o IS AN URFIRBSREAME T2 2 LTk v |
PR G BRENRE I W TR DIRRE & A % 729 9., Kindgen 22X Haeffnener & ™
RREHIINR O VA D355 VEIRF ORI IR BER 2 oot L 72 mTREME 2 R2 LT D, LsL, it
BB OMIIBER (ZF 1T D VA OB L8 13 R4 72 57200,

VLB Y | AW Tl DB Es BT % B 25 & LT, #IBERICEK T 5 VA O
IR R R DG R Z DWW T BT T2 2 L 2 BRIV E Lz, VADIRIITH HIE
BIOREEZBONTT D2 L L0 BERIZER & LTo VAEAD AR Z T 5 2

R O



0. Cofigefn & SR 2 OBBRAHR A AR U DO T O PR BT

[H1]

OB M E SRR 12 35U T LRI N R O BN & & 7o S W RS B ER & 1

W OTEEREEDRNPOHLNTTH T &,

[75ik]

1. x4

KGE. 2012 4F 9 H 6 2013 4F 2 A £ TOM TILE R TORIME STl 2

BATTZ A7 Bl E Uz, SBPUEAEL, i 20 mebh EO b D AN TP ESHE %I 3 JEFR

TS TR - JEEBRENENZE LT b D& L IR a I a2 =0 — g UAREER SO

IERA L7, WFFEICSESE D, Rk TEEOMBEER R OFGEE2T (KGR

P11-12-006) . &XfRHITA v 7+ — L Rar vy M&2{T0, REx 5,

2. WASKEFRIROWE STk

AR O EFNT, head-up 30°DZFFEMEL & L7z, #AKIREEOMIEITIT A T4

(HAMILTON-C2, HAMILTON MEDICAL AG, Bonaduz, Switzerland) % vy, ¥ A7 |Z

LR BRI ETE  (non-invasive intermittent positive pressure ventilation; NPPV)



(2 C— M & 45 Full Face Mask (Mirage Quattro, Res Med, Sydney, Australia)

% -, BUSHEREIZIE RR. TV, VE 2V, VA HifFii e VA hicliliE &2 47 - 7=,

3. BBEAMOBRIE L ERIEE

BHIE AL, HAMILTON-C2 % FV THALZR b DN ISR 2R LD 20 %
positive end-expiratory pressure (PEEP) & | W AURFOD Z1IZE23 730~ % pressure support

(PS) # M\ 7z, PEEP % 0cmH,0 75 1cmHz0 TN S W 5 Haf7T (1T 1) %47
WD O IREE & 5 7212 PS %2 0cmHR0 225 1emHR0 2 H#8In < & 5 hif 7 (T 2)
AT ol FHKIEEIT. 1 HOWEDFEEMEE vz, 7. WEDF HIZEFX
ZWrH A1 1 A —%— (AS507, Minato Medical Science, Osaka, Japan) % fH\T—
& (forced expiratory volume in 1 second; FEV1) Z |7 L. Carter 5O FH)=

(FEV1x38) % I\ C 2 MWV %5t L7z, % LC, IR R OHSEE C b 5 VEIMVVY

PR LT,

4. WER AR O FEAT
SR HE DA O LT, head-up 30°DZZFHENT & LT, 22 e o0 WEWG R R &

{E1E Borg A7 —/ L (Borg A7 —/V) % RN CEHMT L7z 20, b G | TRk IR e s A



VIREEZ"0"E L, THETITRBR LI Z & DRV E DR N A 10" L TER D

F ORI LT, RERFITx L, VA RAT T 0O RN IR R A TR U 7=,

(K53

PEEP % IV /= Hif7 1 Tix. PEEP OcmH0 706 1emH0 b5 S87-0 5T, 17 i
L IER IR & R 22, MIEEATH 2 LB TEARnotz, RIS, PS &AWk
172 Tl JEGI L6 461H GEFI4) £ TIZBWT, PS4cmH0 TREWL A #ER S
MU7=7=d, 2R THIE L7 (K1), 561H GERF5) LT, PS @ _EFRI% 3cmH0
L U7 S0 5 0 BRI 17 £ T0 0cmH0 & 3emHz0 12351 % | RN RS & VE/MVV
O E K 2 1ZxT, 5HIE LD 13 Bl T, MR IR #EE D Borg A &7 —/L1E PS
OcmHz0: 2.5+1.0, PS 3cmH.0: 2.8+1.3 Tho7=, 417 HlON, 3cmH0 @ PS 2 &
> CHER N BRI DN %2 & 7= 72 o 7= b D%, 10 ] (58.8%) ThH-o7-, FRfLH
B TH 5 VEIMVV 1Z, PS 0cmH,0: 26.9+10.5%. PS 3 cmH.0: 32.3+11.2% T
o, B1THION .3 cmH0 D PSIZ L - T VEMVV 231 L= 6 D13, 16 51 (94.1%)

ThoT7,



KTEHREFHZIBW T, PS Z 7= VA I L 5 T, 58.8% DI 5] C NI W IR #E ek o> HY

iR A RTINS 2 PEEP TIXABIOMRIAER MLz, ©2F 0, L

g i, B SR 1 0D 22 e P OR R IR D N 2 & 72 & 72y VA BRI, AR D 21 (2B E

DAMINDPS THV, REHEIT3cmH0 DIRETH D Z LR LNERoT,

AT CHY = Full Face Mask OA1ER) 72 U — 7 CTIEMFAIRPLNTR L . &1

BT AL & 2 BN S0 Wl ietk 23 2 57z, Full Face Mask OARPH#EIZ L

S THBRHE DK T~10% TR N 23k 2 5 Z LR ME S TEBY 20 NPPV & A

B L. MEHEHIAS/NE Uy Nasal Mask SV HN S, 2D Z &b, i VA OHUEE:

AT, PP 2B S E 272D~ A7 OME L EZET DLENH D LB b,

[£Lo]

DL SR BMITR IZ BT, Z2FRIRE IR IR R D M N 2 X 72 X720 VA O LR

ERRETLT2. ZORIR, VA OBKHERAUL, WSRO ZIZGIES AR S D PS TH Y |

REEIL 3cmH0 DIRIETH H L EZ BN, S HIT, VA ZHWDHERIZIE, ST

AR ST LY AT OREZ BRI HUEN DD EEZ BN,



I O B £ 1% (Borg R 47— L)
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OPS0cmH,0

3 o O O e O ®© © © P53 cmH,0

IR R 8§ % (Borg R4 — L)

1 @) O ©

(€]

fEBIS  fEBI6 FEBI7 AEBI8  GEGIO SEGII0 FEBIT FEBII2 FEHIIS FEBI4 EHNS GEFIE FEGIT

70

60

50

40 OPS0 cmH,0
30 @PS3 cmH,0

| il HH il

fEBIS  fEBle  SEBI7  fEBIS  JEMI9  fEFIl0 EMILL FEHIL2 FEFI13 SEGI4 FEFILS EFIL6 FEHIL7

VE/MWV (%)

2. JEM 5 LAKRIZ 1T D PS 0cmH.0 & 3cmH,O D RENR A #ERE & VE/IMVV OF4E



I, P52 2« Dot A AR 22 R OBARADHRSURTEN 1 C K 2 234 T IRp I IR S S oD 4 322
ES

[H1]

DML B A B 12 BT, VA DNERATH DIEF O R A2 & 252 L, VA OZh 3

(CRET 5 ZRN 2 ST 5 2 &,

[J71%]
1. x4
KRIX, 2013 4= 3 HH2 5 2014 4F 4 H £ TOM TIEERPLIC TO KM SV FilT 2
AT T EES] & LTz, UV IABFAET, il 20 LA Lo b D AT AIRER b D &
U7co BRAMEREIT, e OIS 3 v 7 I CEHER LA HESEE 2 DS EIRE 56
JEL72 b O, e PR AU & 0 BERICHIBR 2 & 72 9 MU DBEREFEE N AL L2 b D,
iteala=r—varPRERb O BHREBZBIEICAT 20D L Lz, AOFFRIX
ke TEOMBZAES] O&RZ%Z T (KEE 5 P11-12-006) . EXREITA 7

F—hb Kartvy &7, REEZE-.
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ZN

AT

%7 v 24— "—F %1 L% H\ 7= prospective case series & L 7=, itk #)al
FFIZ, VATEITETICHT (sessionA) L7-1%

B) 4% 51k L . session B #1T- 7= (T
A IE

VA ZHifT L7223 BT (session
A2 (K1)

session A 1T 9 kD 2 i@
KB L RD

RIS E =T
T U MEITEEFRE AW, J A td— =T 1
WA R/ NRIZT D72

\Z. 4 session [ Clx
S O+43 7k B A2 & 0 2 A H D session BALARITL

LERFEALIZ T 10
session Bi4ART & [A] UIkAE

THASKHEEE & A RERAY 1 EIE

RS2 L RMER LT, RREIZIT T D session TH,
100m % RAMTHEEEE L CTE 57211 FTHL L O L7z, Session B Tl
; .

*5:3# 1% Nasal Pillows Mask (Swift FX, Res Med, Sydney, Australia) #¥5% L, AL
M2 (HAMILTON-C2, HAMILTON MEDICAL AG, Bonaduz, Switzerland)
Wi &2 T 7N BT Lz, =

LD
R I TAIBD R A U, N TR g s
EATE (X 2), BRMBIEERIL, SITRFOMR AR & 72 5720 L 95 PS &

VT LEER IR o L U 7o EFRE® 3 em Ho0 & L7, 3% %L,

WA SRR
PS1cmH0 2>5 3ecmH0 £ T, 1ecmH.0 I BRI ER S8, 3cm H.0 DR
MBI PETH D Z L R LT,

3. IR IR R & R

11



AT O R R R & F i 9708 1%. session A & session B N EN DR & EAIZ
BUWTEIE Borg A7 —/L (Borg A7 —/V) Z HNTRH L 72 26, k5 |2 I3 IR #
JESC TR HREN S EUVREEZ0"E L, ZNE TR L2 LR 0T EDRE

PR IR0 T IR 97k 210" & L T&E R D K o L7z,

2

$H

4. BATHI & BATEE OB

HSHRIEICIE, RR, TV, VE &M\ 7z, #&46H213, session A & session B 21 Zh
DO & EH THIE LT-, %43 121% FullLife mask (FullLife SE, Philips Respironics,
Tokyo, Japan) % %75 S+, A T 250 Noninvasive ventilation mode % i\ T2 §# &

FLCTRE L7e, SHEHRO 1 M ORIEDFEMEZ TR LT,

5. FRURFERE

FERAEREIZ IX, MliTE = (vital capacity; VC), —Ffb= (forced expiratory volume in 1
second; FEV1) ., 2% MMl & (forced vital capacity; FVC) . & KW A 4571 (maximal
inspiratory pressure; MIP) . i KFEX /) (maximal expiratory pressure; MEP) % Y
72 MIP [ZH RN & O RIRRUZ 31T 2 e R HIENE, MEP 13 KRN D
DERFFRUZIB T 2 | K APERNEZHIE LT, SR L bEFRXBZBA A S 5 A —4

— (AS507, Minato Medical Science, Osaka, Japan) % VT, ZEENLIC T 2 [FAE

12



ATV, OKMEZTRM Lo, FRBRREIE. AivRl & IR A0 T O R HIZRHIE L 72, MVV

X FEV1x38 TH.H L7 2,

6. SifHee

HIRREREIZIT. BT &SRR ) 2 Fvi, 87013, #75F (JAMAR

dynamometer, Sammons Preston, Bolingbrook, lllinoi, USA) % T, ZFFENIZ TH

IR PIP B2 90° JEHEINMLE D X OHFEFLTH B o2, £ LT, 4 3 ETHOH

E L, RKNMEEZHRA L, SREBMED 711X, hand-held dynamometer (uTas F-1,

ANIMA ; Tokyo, Japan) % M\NT, ZEFEALIZ T 5 B O RMER /14 3 1835

L s KEZSRA Lo, BANEITET & IR T OR HASEFHE L, 58 RAERE R

AR & AR E 7 H BIZER L7,

7. WEL NSV
Jais L > 7 BT R (X-P score) 1. AIRIAMT &R BSOS RHED G L7, e
1T % 5& 2 LT, L (atelectasis). ik (pleural effusion) . Jifi 5 - I
=

(pulmonary edema) . fitii2i#% (lung consolidation) . % (pneumothorax) ¢ 5 &

HZZNZTH 0~4 5 CEAb L., A5 (total score) Z#HH L7=,

13



8. XMREDOHEST

KI5 DT, session A |2 TR REERLD Borg 27— A3 1 EEFLIZbD%
“dyspnea group” & L., E&H-L7Zed- 728 O %“non-dyspnea group”& L 72, Session B
(2 TP R I o> Borg A 77— LN session A L0 b 1 DLEARTT UREIR IR #ER A e L

7=t D & “responders”, KT L72n»>7-H D% “non-responders” & 0 L7- (X 3),

9. HEHEHT

KFRF OINHTEE R, AR OFEEERE, S IRBERE, It L o R VTR,
PPt A% . 1) dyspnea group & non-dyspnea group. 2 ) responders & non-responders
DENZIN 2 BRI THISO 720 tiE & L <13 x 3E 2 v T hefg L7z, X-P score
IZ 2T X, responders & non-respondres @ 2 BETRIGD 72V t FE TR L=, #t
KERIEIZOW L, BREOBIREIZB W T — et BN o8 217\, post hoc analysis
VT, T DMEE DAL Tukey test 2 VY, 0 BUIEMOE S 2 WA
Games-Howell test # VW TrHle L 7=, #EHENTICIZ. SPSS 21.0 software package

(SPSS Japan, Tokyo, Japan) ZffH L., A EKHEX 5% A0 & L7,

14



GEED)|

1. X5E O R

AWFFED R AL FEHEIZ A B LT T4 BlOXI G DN, BRANVEHEIC S S LT~ 18 )

BROL S AL, 56 BIDENTIR & Ip o7z, T OXRGE D E EFEIBRIC THRilT & fifT =

o BATHRRCITMRE R L — R gEHiERR N L — i3tk E Sh Tz, Tt L oz

56 fFldON, 21 1725 non-dyspnea group (2574 S 41, 35 f517° dyspnea group (257 &

N i-. % L. dyspneagroup ® 35 5N, 18 175 VAresponder T Y . non-dyspnea

group TIE2f17%% non-responder Th o7z, fEHTRIZR & 72> 72 56 BIDOWN, 32%75 VA

JHA T I DRI 20 S B L 72

K E O RTERE FE 7R & QNS FATAT LA Table 1 12oR L2, ARBFEDO G4 D% <

I, CABG b L < IZ KEWIRFAEHafR (aortic valve replacements; AVR) JEFITH Y . 4

KO 70% ThH 7=, % L T, dyspnea group /& non-dyspnea group & Ltz L, A&

(AR E L . DARBIEFIOBEIE N E -T2, S 512, responders (% non-responders

EHE L, DARBIEF OEIGNEEIZE N> To, AWEOMREITIT, BIEPAZENENZRE

¥ (chronic obstructive pulmonary disease; COPD) % A4 B JEFIZ\ 72> 7,

2. WP IR R & T IR 55 ik

15



Responders O IE K #Ei& Borg A7 —/L1%, VAIZ L - T sessionA (3.621.2) 75
session B (2.1+1.2) ~FEIZIKF L7z, —J7 T, non-responders oIk [K ##% Borg
A4 —)uiE, VAIZ X > TsessionA (3.6+0.7) />0 session B (3.7+0.8) L{LFL7Z
Mmoo 7=, Responders & T 77/ Borg A7 — /WIZE W T, [RIEEOMEA 278 L7203,
non-responders TIZX T L727->72 (2 4), Non-dyspnea group Tidk, UK IR

(2 T 7% Borg A - — /L3 session MO A B 72 21378 72 r o 72 (rest; 1.6+1.5,

session A; 1.5+1.5, session B; 1.5+1.5),

3. HASKUHB) O A I C DR FEE

e 25D TV, RR, \'/E\ VE/MVV 1% non-dyspnea group & dyspnea group TH
B TERD 2o 7=, Dyspnea group Tl session A & ™ VE #0815, non-dyspnea
group &G L CHEIZEME CH -7 (non-dyspnea group; 3.2+2.5L, dyspnea group;
5.0+3.8L, p<0.05) , Responders |& VA Hi{ 712 & ¥ VE & VEIMW IFH ECIE T L7278,
non-responder CTIHE F L720>>7-, Non-dyspnea group Tl VE 72 5 TNZ VEIMWY

13 session A & session B DWW TFHIZEBWT LA E R FRITERD o7 (X 5),

4. MR HERE

16



Dyspnea group @ VC, FEV1, MVV (31 d L Otz DWW 34 & non-dyspnea group

LA BICKEA /R LT, & 52, responders & non-responders % 4% & |

VC. FEV1, MVV., MEP IXiffRiH L O CTEERZEILR DT, ik MIP O F EIZ

&R l- (Table 1, 2),

5. SifHiee

MmO 17 & 2 R 5 7113 dyspnea group & non-dyspnea group. responders

& non-responders & DHHIZIB W THERZITH O > 7= (Table 1), —J57 T, fir

# dyspnea group % R4 E{H RS 7113 non-dyspnea group & Ebis LA & IIRE 2 R

L7 (Table 2), itk ™ responders & non-responders & O il CIIA E R 7LD 72

Moz,

6. ML > N U ET R

Responders @ total score & pulmonary edema score O E¥J{E (total score; 2.1 +1.2

points, pulmonary edema score; 0.7 + 0.6 points) /%, non-responders & iz L CTHE

I % 7~ L7z (total score; 1.1 + 0.9 points, pulmonary edema score; 0.2 + 0.4 points) .,

DF V| responder IZHBWTEEE DN 9 oA 2L TWNWDHZ & ZRL TV,

17



Non-dyspnea group /. non-responders &[] UAg[] %7~ L7- (total score; 1.1+ 1.0

points, pulmonary edema score; 0.2 + 0.4 points)

18



AWFFENZ BN T, WHRIEFI DRI 3 530D 2 THIBIHTHF D RENL A EERL A A C | R A
Ji A A U T SE B ORI VA I BB EUE LTz, VA IZEh RS SO U T2 FE B,
WS IIDMRMETH O | ITRBEDH 5> >z 2 L T\, 20 &%, MTRIERI KT
4% 3cm H0 O PS I3, VEIMVV % 18 & L7 bEl (b i 4 R F S8, il s i
BIEDZ LIk o T iR S HBER RO NEE AER SE2 Z L 2R LTV D,
Fex DHDIRY Tl ABFZEIIINE B O FIIRERIF I 31 2 R IR #6925 VA
DNEEH LI LT TORETH D,

Wit ORI K T IX AR EE, Male R L — 0 ZEHER R L— o OB &, ik oy
By RIS K o THEL S 4819, IR K TICL > T MW BME T+ 5, & LTl
BT AR R PR B ESEE O TIC L > CTTV ERR AR+ L 725728 4D RR
INE & = THBFENC VE 28 ERT 5, WIREEERIT, VEIMVV D) 20~30% CHiH
LA, 50% %8 x 5 L EHER LD L7725 W, KBFFEO responders (2B TIiE, itk
MIP IZIEAE T d ¥ . VEIMVV IZRIEATIE I IEH & 2 40% % C L5 L7243, VA Jif7
IZE o TEELZEI0%ETIKF Lz, 512, responders TIFBEEED 5 > 1% £ LT
W Z LB VAL Ko THR MRS58 LMiilaf oMt Sz 2 & T2

IR IR SRR A R el L 7= = & SR ST,

19



H 99— T MIPIE I FEVIIE TOEKO—>TH Y, MIP & FEVL fli# DK T I

MWV K TFOER L 722 %, ARBFIEIZEHBV T, responders Dtk MIP [ non-responders

LHE LA BICEAE TH - 7223, % MEP, FEV1, MVV XA CEITED S

Mmolo, ZTHHORERIT, MR MFREREIR T & 3R 7R 55 R OK R 72 £ O BRI

Lo TELTWDAEENZ X b7z, S BT MIP R T IE A o fE E o5

HICRBT o2 =7 A P VAICKDERBFIKN LR D TREMESG & 0 | A1% S B2 DB

VETHD EEZ LN,

Wit Ot 9 ~ Mz X > T, BIL*F 1~3 cm H0 ONEM: positive end expiratory

pressure (i-PEEP) 73U % 30, ZD#ER, WKL i-PEEP Zi# 2 5 121 DWW AT %

ECDMERDH DD, WKHHOMFEENIERT L3, ZoZ &6, Responders D

AT TIX.3em H,0 O PS 12X - TI-PEEP 22 AENE U TV AIREMENRE 2 &

7z, —J77C non-responders Tl&, ML >~ U FT RAS THRIZKZFR OIS, ifiH -

MIXIT EAERBD Mo T=Z b, flidoMEZ2 L TWDZ &N VA IR RS

TOHOERTH D etErrmme sz, UboZ &b, 3emH0 D PSIZ& - T, Il

HBOi > >MIZ L > THEL S I-PEEP 2 5 ENAE U D Z & THRAD DA HER L.

PR AL S BN 9% LB 2 bz,

COPD 2%} 3% VA O RABRI LIV AT~T 4 v 7 L E 2—TlE. PS OFEfTIZ

Ko T, MPRIRER ) S UEBNR S E R L7c L s ShTn g 32, DAREERIC

20



X145 PSIT X 2 HSKAHENC & - T, IWHE O 2 BB E ABLOME T LR D% A )3

BT D 2 & TR ENEIN, € ORR, RIEMEZ &HESEL 2 E/mE ST

538, — 5T, BHEOAEIZBW TR, G OEMOGFEBHEHINTNDS 3, K

fFZEIZ BV Tid. responders 1% non-responders & Lb#g L. fidttT b U o AFJRALTF

R~ (brain natriuretic peptide; BNP) 23 EfEZ R LT\ e Z &5, responders @

REZMET L CWERREMER S D, DE D INEROLAEZ GO LTIERNIZ IS W T,

PS DOWF i ~D M s R IR EER DR IR & B L T2 ATREVEDS RIR S 4T,

Dyspnea group % non-dyspnea group & ik LT, AVRIEFIDOEIG LTz,

DT LITiE. AVRIEBINA T % JLREREFEE DS BIH L TV D ATREMED & 5, HRoRHE

HEREE 24 DIEBI T BIFR O AR ST o AT, — A MR B IR AR L

WK HYEEICEHIND P, TOME., AVRIESILZFOMOMAIER & el L, iy

H BN DN 5 o1l x 2 L CWE RN E 2 Hbivlz, b 9 —J7 T, dyspnea group

I% non-dyspnea group & FL#Z Uil Td 0 | T2 IS TR MR T30 bivTe, ik o

BAWVERTTHEIC LD 2 7 fRIC L » T, TR TENET S B, & 5ICkH

A T LFEAMRIC K- T Z o7 G S P /R T AL L % %9, 5

F0 ., @EE OWZH KT, BRI DZ 37 53 & A Al O w2 ER & g -

TWAHAEEMED B 5, S 51T, dyspneagroup & non-dyspnea group CldAx Tl |2 7%
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FEB 727 2 225 dyspnea group DA TIRFIZ ARG TR O LR R

L. TORRBHORERT o F—v A 25| S 2 LIz al et avmie S vz,

[ARBFFEDRRA]

ETHOI, HDEND VA OZHIRLBTIF OHAKUS BN R L T2 ATREME DS
%, BRI, Ml T Y | AT BNP fE23 572> 72 responders & non-responders
DY FER & LT, FINC L DILEKRREREEOREITZE ST, o HIZ,
N0 457 F3300 7 78 R D BE SN B S 0 WM 4 B BICHIE L7272, EREO L
TS RABL > TV D AMREEDR & 5, =D HIC, AMFEOFER I HIX, PS AEIRA T
o TREFPIZ BT 57— % MR TE 720y o 72, $5IZ, non-dyspnea group (23T,

ABFFET

e

ELTE TR O AWM BN R0 TH ST ATREMED B D, HARIT, AWFIEITAS
BBELZRELTEBLT, 7t XIb/hEWn, LEER-T, SEOMREZ —ik{bd
LI2DITIE, A% TNV A XL L T o F MEHBGERER 21T 5 LWER D 5, £
TH2k, AWFIEIEME RIS VA 2 0P 2 2 & TH VR N #E 2 B0 5 ml6E
PEa 7R LT OMETH Y | i RHEER OB LW AT R L LTAKR S bR %

EDHDH & EBbhs,

[x&0]
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7% ORERBRARIFIC 1 5 PS & FV 2 VA 2300 T 2 Rl O RF R B L7z,

T DOFRERAMRIEFI DK 3 53 D 2 TR INEEREAA T € ORIFE (BIROK) 3 570 1)

DIEB]T 3cmH0 @ PS |2 K - THREVL IR 2 808 L 7=, = L C, PSIZ &L 5 MR IR

JRUGEIZIE, PR AR R OBERESC MR OUEENEE L T EE A bNT,
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IV. #FE

VA IZH W= 3emH0 @ PS 1%, @il TOMI T AEAMK T L 72 DK &SV FITE
BlTxt LT, MRS B O T oMl otk % N L Ciliis RUBEE 2 et S8 5 2
& DRMR S AT, HTEE R 0D 57 VEIRREIR R A IR S 5 72D D VA ST AL, B/

HURIE TR & LTI S L, 41137 & SMEHLEGRER 2 & 2 2 EHT K0 S

2D NCHERIEERD R A BT 2 Z &R ETH D,
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1 2 3

4 V L

Session A = = = => Session B

rest

Randomly 1 2 3

assigned l ‘ V l

patients —>

Session B - = = =>{ Session A

rest

1. BF5ET A
Session A: walking without VA, Session B: walking with VA
3 : We measured ventilatory parameters by using mechanical ventilator. V:

We confirmed that the Borg scale and RR recovered at the status 1.
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2. VA AT o DABAT OFEF

Patient walked with mobility aid and a therapist carried a ventilatory assist

device.
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74 patients underwent cardiovascular surgery

\ 4

18 patients were excluded

* 5 had hemodynamically unstable conditions
+ 2 developed liver failure

+ 1 refused

+ 3 had mechanical trouble with the ventilator

—> . 1 had an acute subdural hematoma

* 3 developed psychomotor disturbance
symptoms

* 1 developed prominent wound pain

+ 2 developed walking inability resulting from
muscle weakness after surgery

Increase in Borg scale in session A

Yes

No

'

dyspnea group (n = 35)

N

'

non-dyspnea group (n = 21)

N

non-responders responders
(n=17) (n=18)

non-responders responders
(n=21) (n=0)

3. KBRE DT,

Session A: walking without ventilatory assist
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*

Dyspnea
O N W B U1 O

o
Rest A B Rest A B
6
g S * T 3
@ 4 | | l
+J
S 3 ¢ ¢ l
& 2 l
1
1 o
0
Rest A B Rest A B

4. Dyspnea group @ VA JiifTOH HEIZF51F 5 Borg A7 — /L DZEAL

The Borg scale of dyspnea and leg fatigue in non-responders (e) and

responders (A ). Values are shown as the mean £ SD. A: session A, B: session B.

* p <0.05, relative to at rest. T p = 0.05, relative to with session B.
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* —~ T
800 - * 2
2380 i
S
= 600 - E
é400 § e
E = 10
o A
200 &
0 0
Rest A B Rest A B Rest A B Rest A B Rest A B Rest A B
25 4 60 *
* *
k *
20 - * 50
* K
_. 40
_ 15 - X
= Z 30
w 10 - ;
> = 20
=
51 10
0 0

Rest A B Rest A B Rest A B Rest A B Rest A B Rest A B

5. VA i TOA B BT 2 K8 024l

Ventilatory response are shown at rest and after walking in non-dyspnea group

(white bars), and in non-responders (gray bars) and responders (black bars) of

dyspnea group. The bars represent the mean + SD. A: session A, B: session B. *

p < 0.05, relative to at rest. T p = 0.05, relative to at rest.
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Alveolar —
consolidation |—

Pneumothorax }

Atelectasis I

Pulmonary edema L *
Pleural effusion ;

o * .

0 1 2 3 4

6. Dyspnea group O L > k7 T o2k
Scores of pulmonary alterations in chest radiographs among non-responders
(white bars) and responders (black bars). The bars represent the mean £ SD. * p

< 0.05, relative to non-responders.
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PA S v PA S —
Table 1. firaif oD BEKeE: & T A R
all patients all patients dyspnea
variable (n=56) non-dyspnea dyspnea responders non-responders
(n=21) (n=35) (n=18) (n=17)
Age (years) 68.3 + 10.6 63.7 = 12.7 711 + 8.1* 726 £ 8 69.4 * 8.2
Sex (male : female) 41 : 15 16 : 5 25 : 10 14 : 4 11 : 6
BMI (kg/m?) 224 = 49 227 + 64 222 + 40 219 + 42 224 + 39
LVEF (%) 57.2 = 12.0 59 + 9.2 56.2 + 13.2 542 + 15.4 585 * 10.3
E/E' 151 £ 76 153 + 45 159 + 86 153 + 51 16.3 = 10.8
NYHA (I : O : II) 30:13:13 15:4:2 15:9:11 6:6:6 9:3:5
BNP (pg/mL) 307.7 + 560.6 184 + 397 3788 + 630.3 5141 * 779.8Y 1743 % 1795
Serum creatinine (mg/dL) 15 + 17 15 + 1.8 15 + 16 16 + 1.8 14 + 14
CHF (number) 18 3 15* 1017 5
DM (number) 22 9 13 8 5
HT (number) 34 12 22 10 12
Smoking history (number)
non : past : current 25:25:6 10:11:0 15:14:6 6:9:3 9:5:3
Medication (number)
{3 blocker 22 9 13 9 4
ACE inhibitor or ARB 27 7 20 9 11
statin 29 10 19 8 11
diuretics 19 2 17 9 8
calcium blocker 19 7 12 6 12
Lung function
VC (L) 27 £ 08 31 £ 05 25 £ 08* 24 £ 06 25 £ 09
FEV1 (L) 2 + 06 24 = 04 17 = 06* 1.7 = 0.6 1.8 + 0.6
%VC (%) 825 + 14.8 88.1 + 11.9 79.6 + 156 76.3 £ 16.9 828 * 14
FEV1/FVC (%) 772 + 8.9 79.1 = 8.0 76.1 + 931 758 + 111 765 = 7.4
MIP (cmH;0.) 68.1 = 27.1 86.3 + 245 58.3 + 234* 571 £ 23 59.6 = 24.7
MEP (cmH,0.) 98.6 + 41.3 118 + 39.8 885 + 39.1* 89.8 + 37.6 87.4 + 415
MWV (L) 79.8 = 25.8 98.1 + 184 707 = 242* 69.1 + 243 724 = 248
ventilatory impairment (number)
normal : restrictive : obstructive : mixed : no data 23:6:14:3:10 12:2:2:0:5 11:4:12:3:5 5:2:5:3:3 6:2:7:0:2
Physical function
Grip strength (kg) 226 + 89 247 + 7.7 18.6 + 9.4 182 + 8.1 190 + 113
KEMS (N-m/weight) 14 = 05 13 + 0.6 14 + 04 16 = 04 13 + 04
Data on the surgical procedures
Elective : emergency (number) 51:5 16:5 35:0* 18 0 17 0
Type of surgery (number)
CABG (OPCAB) 26 (9) 14 (5) 12 (4) 73) 5 (1)
AVR or AVR/CABG 12 1 11 8 3
MVR or MVP or MVP/CABG 7 3 4 2 2
DVR or AVR/MVP 5 1 4 1 3
aneurysmectomy or aneurysmectomy/AVR 6 2 4 0 4
Operation time (minute) 323 + 77 324 = 79 322 + 78 307 + 77 338 + 78
CPB time(minute) 136 + 49 127 + 26 140 = 56 137 + 52 144 = 62
Fluid balance (mL) 2602 = 1731 2770 + 1511 2508 = 1858 2685 + 1571 2310 * 2172
Volume of bleeding (mL) 1115 + 862 937 + 732 1199 * 915 1017 + 894 1380 + 926
Intubation time (hours) 312 + 104 27 +* 50 33 + 11.0 31 + 10 34 + 13

LVEF = left ventricular ejection fraction. NYHA = New York heart association

classification. BNP = brain natriuretic peptide. CHF = chronic heart failure. DM =

diabetes mellitus. HT = hypertension. ACE inhibitor = angiotensin converting enzyme

inhibitor. ARB = angiotensin receptor blocker. VC = vital capacity. FEV1 = forced

expiratory volume in 1 second. MIP = maximal inspiratory pressure. MEP = maximal

expiratory pressure. MVV = maximum voluntary ventilator. KEMS = knee extensor

muscle strength. CABG = coronary artery bypass grafting. AVR = aortic valve
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replacement. MVR = mitral valve replacement. MVP = mitral valve plasty. DVR = double
valve replacement. CPB time = cardiopulmonary bypass time. Values are presented as
the mean = SD. * p < 0.05, relative to non-dyspnea. T p = 0.06, relative to non-dyspnea.

9 p = 0.08, relative to non-responders.
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Table 2. itk OATBIEFEEE, FFLFRRE. S APERE. MLk A et

all patients dyspnea group
variable non-d_yspnea dys_pnea respi)nders non-r(isponders
(n=21) (n =35) (n=18) (n=17)
day of walk (postoperative days) 4.0 + 1.3 46 + 15 46 + 1.2 45 + 1.8
walking distance (meter) 82 + 26 67 + 29 61 + 31 72 £ 27
walking speed (meter/minute)
with VA 32.6 + 16.0 27.3 + 138 275 £ 15.2 27.1 + 13.0
without VA 32.7 £ 17.0 253 + 138 253 + 15.2 253 £ 13.2
Heart rate (beats/minute)
before walking 80 + 16 81 + 12 85 + 12 80 + 13
after walking with VA 85 + 20 88 + 15 89 + 14 88 + 16
after walking without VA 84 + 18 89 * 13 91 * 12 87 + 15
SpO, (%)
before walking 97 + 2 96 + 2 96 + 2 96 £ 2
after walking with VA 95 + 3 95 + 3 95 + 3 95 + 3
after walking without VA 94 + 3 95 + 3 95 + 2 95 + 3
Lung function
VC (L) 16 £ 05 13 + 04* 14 + 04 12 + 04
FEV1 (L) 12 + 0.3 09 £ 03* 1.0 £ 0.3 09 £ 0.3
%VC (%) 47.1 = 145 414 = 119 448 + 7.9 375 £ 146
FEV1/FVC (%) 825 + 8 81.4 + 10.2 80.3 = 9.1 82.8 + 11.4
MIP (cmH,0.) 37.3 £ 18.7 319 £ 129 288 = 11.2¢ 39.1 + 12.8
MEP (cmH,0.) 46.3 £ 21.6 448 + 18 46.6 + 21.2 457 * 114
MWV (L) 50.5 £ 15.1 399 + 139* 412 + 124 38.6 £ 15.6
Physical function
Grip strength (kg) 16.4 + 8.3 145 = 7.2 136 = 5.3 155 £ 9.1
KEMS (N-m/weight) 15 + 07 1.1 + 03* 1.1 + 03 12 + 03
Serum creatinine (mg/dL) 15+ 24 15 = 16 14 = 1.7 1.2 £ 1.3
BNP (pg/mL) 84.8 £ 42.1 267.9 + 263 372.6 + 480.7 145.7 + 75.9

VA = ventilatory assist. SpO2 = percutaneous oxygen saturation. VC = vital capacity.

FEV1 = forced expiratory volume in 1 second. MIP = maximal inspiratory pressure. MEP

= maximal expiratory pressure. MVV = maximum voluntary ventilator. KEMS = knee

extensor muscle strength. BNP = brain natriuretic peptide. Serum creatinine was

measured on the day of walking. BNP was measured at discharge. Values presented

are mean + SD. * p < 0.05.
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p—
2
[

5 VEIRE DU ORI R B X, DI A SR (T55%) OBERIFICZ < 2B
DIERTH Y | BEAREECEEN TR Z IR T 5K O—>TH 5, e FHiE, Mo -
MRPIELIT & > T U 2 KR RSB A TTED EARER L STV 5, B
WAL, #A DT, RO T, BRWEROIE TIC L > TAL D, —FH TLE

R H RN, RSB (maximum voluntary ventilation; MVV) (2%t
+ % YW R (minute ventilation: VE) O FIXIHO3RE & B L VE/MVV i Dyspnea
Index (DI) :FA&HTV\5, iif4id VE 238500, MVV 2MEF4 %725, VE/MVV 73
WINT %, DF 0| iR FHHIERERE 72 © ONTFER 5 R T IZ &0 SRR O LK TE 2
~DISEINREE L 72 5, Wik IR R AE) (VA) Z2Hnw5 2 & T, itk ICU #ifE
HE OB, it B OEEBRE ) OSENRE SN TWD, 2O &, %O VA
DIBER 2R U, EERE N A ET 2 2 L 2R L TR Y | [RIRFIT I VEIRF O R R #E
BOFHREME SR LTS, LvL, it EHIOBERILKIC VA Z0FH LS 17 72
B2V, AAFZE TITODNRILE SV B 2 x5 & LT, #IMIBERICI 1T 5 VA DORE
R DN TN OV THI L NI TH Z 2 HE L, VA BRI TH DIERF O
FEERONCT L2 L0 BERMEERSE LTO VABEADRRMELHET 52 & &

L7,
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1. Phiset

[Bm]

OB E S BHIT R I RN T ZEERRE IR R R DO BE N & & 72 & 2 WA B 2 [
FERAR D SE L REEDRNOHLNNIT D &,

[51£]

X%, 2012 42 9 A A5 2013 4F 2 H F TORTALEFRBE LS TOL R ME SMRFFi 4
= \F72 17 il & L7z, head-up 30°DZZHFEMZIZ T, VA HifTATE VA HHI IR

(respiratory rate; RR) . —[ml#i& & (tidal volume; TV). VE Z#ldE L=, FHIZ—f
BABIE L, VEIMW &5 Ui, SRR IEA TIPS (HAMILTON-C2)
R, ¥ A 212X Full Face Mask # M7z, VA RO # K aiBhiEk=lI%, positive
end-expiratory pressure  (PEEP) & pressure support (PS) % v 7=, ZErF ORI
R E, &1 Borg A7 —/LV (Borg A7 —/L) Z W CEHEE L7z,

[k ]

PEEP % M7 HiA T C Uk RIS Y 2 U 72 72 O E Ok 3 IR B C o o 72, 22fk
D) TL% DFEFIH 3 cmH0 @D PS 12 K - TR R FEEK O BN & X 72 S 7202 T2 73,
9.90% T VEIMVV 2388401 L 7=,

[#574]

44



LI A8 AR BT 1 33U T 2 RE R (R B R DO HE N & & 72 & 720 VA O iR

WEIF DI GER AR S5 PS TH Y REEIL 3cmH0 DIRETH S & EZ bR

7o 512, VA ZHWAERIZIE, MAIEPIZRBE S5~ A7 OFEEEZEET D03

WobnHEEZLBNT,

2. W%

(]

OB E ST 2 123 T VA DRRIN T & D IEGI D FHEZ B 6 702 L, VA ORI

(CRET 5 EZREZ 0T 5 Z &,

[5i4]

XBRIE 2013 4F 3 A7 6 2014 4F 4 J O, HBels TOli g St 1l & e d T S e

20 LA EOJERBI & LT-, AHFZEI prospective case series TH Y, 7 0 A4 —_"—F

A o E Wz, VA TEITETICHRITT 586 % session A, VA ZHifT L7e S BT

536 % session B & L 72, T WA TEFIZ I T session A 217 - 72 (2 session B

EATOHIEE ., ZORIOFETIT) 2 BVICHREZ T U FX LIZEID Tz, 4

|

session D1 10 B OKREZ 3% 7=, VA IZ AN T2 (Hamilton C-2) Z AV, &iE

JEIZ PS 3 cm H0 & L7z, x5 121% nasal pillows mask %335 S87-, SHITHEOIE

W IR R & T O . session A & session B O 1238 WV TIELE Borg A7 —/L %
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FIVWCRHE L 72, TV, RR, VE % session Of & 4% T Hamilton C-2 % U CaFfli L
7o BARAEDOLERR 1 3 ONfEZ 7o, WIRPEATIRI B, FRREERE (WS &, —
i, MVW=—Ex38) . iKW Xfh7) (Maximal inspiratory pressure ; MIP) | 2
NEWPE LTz, 612, BT ZSEB I L o 7 FT i (X-P score) % ##i L
7o B2 7 B B RIERR MRS ) 2590 L7z, XE5# O T, session A (& THELIA
#EE Borg A7 — /L3 LLLE EH- U728 D% “dyspnea group”& L., EH-L7Z o7zt
D % “non-dyspnea group” & L7-, & 5T, session B OFKKN#EEE Borg A7 —/Lid
session A XV & 1 LLEAST U R #E a3 e L 7= & O % “responders”, T L7272»
7= D% “non-responders” & 43 ¥E L 7=,

[ 2R]

AT RIS & 72> 72 56 BN, 21 #1273 non-dyspnea group. 35 7% dyspnea group
¥ ENT-, £ LT, dyspnea group @ 35 5N, 18 %5 VA responders TH ¥ |
non-dyspnea group Ti£4457% non-responders C & o 7=, fifAT x5 & 72 - 72 56 Hl DN,
32% 7% VA Hiid 1% |2 PR IR i 3 g ik L 72, Responders (X non-responders & Eb#Z L |
AT ARRIEFIR A EIZZ < I MIP 3 2IZIRETH > 72, % L T responders @
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VI. Summary

[Backgrounds]

Dyspnea is one of the major complaints when ventilation is accelerated by physical

activities in patients who have undergone cardiovascular surgery. The

ventilation-perfusion mismatch caused by increasing pulmonary congestion and

atelectasis are reported as possible underlying mechanisms of exercise induced

hyperpnea in post-surgical patients. In the immediate post-surgical phase, patients

cannot respond to increased respiratory demands because of a reduction in vital

capacity and weakness of the respiratory muscles, and consequently suffer from

dyspnea.

Mechanical ventilatory assist (VA) was reported to improve ventilatory efficiency

and exercise performance by reducing the amount of respiratory muscle work in

patients with chronic heart failure. We hypothesized that early mobilization with VA could

possibly improve dyspnea, and in turn, improve walking capacity during the early

postoperative period. To determine the optimum VA mode and to examine the factors

involved in response to VA in patients who had undergone cardiovascular surgery.
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1. Preliminary study
[ Methods]

Ambulatory patients > 20 years of age who underwent cardiovascular surgery from
September 2012 to February 2013 were enrolled in this study. Respiratory rate (RR),
tidal volume (TV), and minute ventilation (VE) were measured by mechanical ventilation
with Full Face Mask at lying position. VA mode were positive end-expiratory pressure
(PEEP) and pressure support (PS). We measured dyspnea by using a modified Borg

scale.

[Results]
All patients were intolerant and discontinued VA with PEEP because of dyspnea.
In approximately 71% of total patients, the Borg's rating of dyspnea did not increased by
using 3 cmH-0 of PS, whereas in approximately 90% of total patients VE/MVV

increased

[Conclusion]

Respiratory muscle work at rest after cardiovascular surgery can be increased by
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application of PEEP and high level PS with Full Face Mask. Therefore, 3cmH»0 of PS

and using of Nasal Mask can avoid increasing dyspnea at rest in patients underwent

cardiovascular surgery.

2. Study

[ Methods]

Ambulatory patients > 20 years of age who underwent cardiovascular surgery from

March 2013 to March 2014 were enrolled in this study. We conducted the first walking

session after surgery either with or without VA in a randomized order. The patients

walked with 3 cm H2O of inspiratory pressure support. We measured dyspnea and leg

discomfort during initial walking either with or without VA by using a modified Borg scale.

Ventilatory parameters were measured by mechanical ventilation before and

immediately after walking. Lung function and maximal inspiratory pressure (MIP)

measurements were performed by a spirometric computerized test and chest

radiographs were analyzed by same cardiac surgeon on the same day as walking. The

patients who showed a =1 increase in dyspnea rating caused by walking without VA

were defined as "dyspnea group” and patients who did not were classified as

“non-dyspnea group”. Then, among groups, those who showed a =1 decrease in
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dyspnea during walking with VA compared to those with no VA were defined as

“responders,” and patients who did not as “non-responders.”

[Results]

From the total of 74 patients who underwent cardiovascular surgery, 56 patients

were successively enrolled in the study. Thirty-five out of 56 patients had dyspnea

(dyspnea group) and 18 patients (30% of the total patients) effectively responded to VA

(responders) in dyspnea group. Non-dyspnea group had no responder. The

characteristics of dyspnea group were older age and high prevalence of CHF when

compared to non-dyspnea group. Minute ventilation / estimated maximum voluntary

ventilation immediately after walking significantly decreased with VA and MIP was lower

in responders than in hon-responders after surgery. The responders revealed greater

pulmonary edema scores than non-responders.

[Conclusions]

The findings of the present study suggest that VA may possibly facilitate successful

mobilization early after cardiovascular surgery, especially in patients with impaired

cardiopulmonary function. The new PS technology in facilitating immediate

postoperative ambulation will be an area of further clinical research.
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