ATLFE  Jpn J Respir Care 2019 ;5 36 : 144-50

@

s&

®

Wiy Z)v— b+ X |

\J

=S

/

&

F—T—F MY 7 v— AT, R, WG, N IR B i 5

t3

=
=]

g Z7Ib— kA bEE, ERMRICBUAIZEANTITHBICHPHSEINEDRIRTH D, VIIL— b4
S MIRINYT B EBMBIEPBRET B TEL, IWHE—GBRKEEFERT 22 &I &Y ATHEREEMESE (venti-
lator-associated lung injury : VALI) ZELET 2R HEAFTE 2, VU7Ib— b X2 ME. FHIEANEREEZILKS
g3 EICENfThbh, ZOKREZSIERBBOREICLIVEL S, UTIL— b X2 ROFEICIE, EEFRRRAR—
WREFTOUIIN—MA b Za—/NE, BEED T TRENICHIED 70— M X2 M H 725 THRRREXCHE
BEN H 5, BEROHAICHEELPOL TSI 7o AOREL EFAVS NS H, HEHREGR RS H %R
FVEETH D, M) 77— AL MIBRZEPEEEDER L WBZ 20, EHICH /- - TIZE < DEHIT
AUy T AUy ME+DICHERET LBICXREEERET 2VLEN H 5,

I. ZUSHIC; Y Z7)b—bX2 MEE

B RIMAE % B 72 & AR BRI IE, Ml
o ILEEEE, BMAMEILAREE, v v b 40N
Hro ¥y v MILTMYMTOHN AL @A INL 28R
L BRI 2SR BR IR A T 2 BR T, ICU THE#
T5Y v Y FOFRE LTI SR Z 2 il
WiA3% o TR IR O PR ASBRE 1 T H AL, Mt %
eI A S BB IR Y 7 b &5 HERERE (K
e SRR I A R ) 12 & D ARAE T & 2 A%, MR RE
BB A TIRT 5 & BRI E 1D 5 Z
ENRTERL D, BHERETHLMMED 2 ~3%
FTr Yy PLTWEAS, SHICH%MT 5720 Th
HHARBEIMEE 7257,

EBICHO A (BBR) A AN ENTER
W R o RO AR b b 2
2D (V70— 1), KBRIEILFRTE 5, Hily

MPRIR AP B SR P if e e S s

144 November 30, 2019

V70—t A Y MEZ DX kB 2 FE RS S
BIEDRHTH o SHITHMNEY 7 V— A M
¥ — iR % b 720 LTI BEERifE (ven-
tilator-associated lung injury : VALD) % [a]5##4 2 %5
bIRFTE 2 Y,

I. FhfaEl & i3

M RRE AR R X D S e BED &0 B
Nal] L5 ChtifahE 2 3473 phE L o TWwd, D
0. 1ol DRFIZEE Y &9 e DREZALH ik
CLTRAMBORE.EZZD L. k4 EHildEiio
WA DD T, S5 ARERMBS RO/
WZIEER &2 B D B3 (tidal recruitment) &, T
e & ORI D Ie)) (shear stress) A3562E LNt
EORNE RS Y,

Jiila R A I T RE DML TR T 5 T TN AS
REBE LD, FHEEWETH L —T7 775~ b
WY 5 TEMRAHIEL TWd, =T 7278 >
M3 Z DT DHI 90% A3 P BURPEDER 3 & Bk



WMo sZ2FH>Y VRETH Y dipalmitoylphosphati-
dylcholine Z F 53¢ 35, %5 10% 0 —7727 %
Y N5 %7 (SP-) A~ D RilEEERiMER & TH S,
— RO ERMICIIME A9 & T 5D (FifK)
PREAELTVD (777 ADE) =772 %5 b
NG PR R & 0 KRy 2/ S < Uil 256/
LICK WEREE 2RIt L T %,

Pt B o SR 1, W R E . (RIEVR. HK.
S RS, R AARRTE O EA e L), Al
P 2 R0 1o e B8 T 2 W A R O W DU I S S 72 &1
X% =775 v MEREREADRTE, 2L FE
FCTHb, BRUMENRT 2L 2 KNLEEELE D2
5LYZV— MRS Evbhi b 9,

JR I D A U2 AR A T 15 k<’CTﬁﬁﬁT%
%o BT Z O S5 HBEHIC X A% DM
FINZHAA BN T WS Y, u\ﬁ'i”W)?'i‘(ii CHAEE R
BH Y RIS TG 268D H 5o T
& B A%, G O b R L EELMINETH 5,

M. UZIL— X2 MOKR

VI —FAY NI EOFEEHAWZELTDH,
WP SGENE 2 8 LITAbE OBE) & i
WIE & DIERZE (BIE) 2RI+ LI AT
bisd, BESFAF Iy Z7ITWMRLY) 7 V-1 D
OIZWFELBMEE (critical opening pressure : COP)
TS, RN HRE S 2 L ZEZ 5N T Wb,
Thbb, BIERKICESY 70— X ¥ MIFEIIK
SIHCELZBRTH S, KIZPEEP 2 LA SETY
WRIREIC COP IS L 2 UEY 7 v— b AV &R
2o COP M4 DIiEIC L ) ®e B 7z, V7 V—
A Y FHTRESMZ SNZEPLT L OHE~A D
BHE @Y 2 e L IEBR S 22 T CICB@ L TV 5l
FlZl 5 TYZ V=AY MEETAY v P TLd%
Vo ZD XD AL Z IV — b A T DFRREE
HeWEEIZL T,

T V7= b AV MIREHOERLE TN,
Tabb, ﬁ%%ﬁﬁ%@?éif—%@ﬁ%ﬁ%“
EHERE LB BB D B, T2k X SOEE Rk
& (airway pressure release ventilation : APRV) %
Fwiz) 70— b2 v Tl BIRZREBE T8 ~
10 e 2 2492 Yo FERMICEEL T3k 35 7 v —
FXYPDOFAY Y PEXY Y b EATFICHETT 24

AL Jpn J Respir Care Vol.36 No.2

B 5o
N. UJI— X2 MDFE

Y7 )v— b AV MOFFEITIE, HEERERToOR)
BEMHELZV 7 V=AY bxoa—nNE, B
P THRAIHINL ) 7 v — b X ¥ MBS B H5G%
SERHINIEE T B LN TE D,

1. MERFICEBVI7I—bA 2B

—fIZ, VI N—= D AV N2 —=NTOH RijitE
FRERLHRIT)PBELTELD b X H -2 kE
b725 L. MitRRENDOEE L Dt vwbis 9, #%
)R FEIZIE. 6L/ 5 o—EW A E % v 51K
"BEDVDH L. BH &ﬁ&ttfi4&4ﬁ7w—%4-
TH =T 4. ZEHEZ—FIZ 40cmHL0 FTIEL
40 BRIHERE) R 30-15 2 EDH B MiOREIZE T
TIEERHZHAGDLE S, Tbb, HEMIIES
JE R 2SBIRS N AN H 5 H3F D RHEIT v,
Y7 NV—bMAY M2 —NEFEH L T RIZIHRA
ASHR I S MU BR D JIHI S 2 7200, FEHERE I HI R &
Nb, HEFMICERTE D5, EFHPHIEIATZ %
Wy N LIER & RS S 5 RIS A E DS R SUS B S
MO FIRBASEZ 5. R EDRMDBBH D720, A
T2 % W TE-T 5139 25&L .

2. UJI— 42 MDEHDBEHRST
WHRAE— N2 M5k e LT, PEEP % BR
FLZEEN - 384 &€ % incremental/decremental PEEP
trial 3% % (#4ih). Pressure control &— F’EEE?R L.
WG 7 — RS R DS O N BRI EE (i
10 ~ 12cmH,0) L7z9 2T PEEP % 2cmH,0 ?Oi@
MLTWLo UZ =AY MRV LND
KWEED—%E L ~XOVIZHE L 72T, PEEP % 2
cmH,0 20 &%, TOMDILTIAT VAR
BikdH4 v E—F v Az itsk L. £ PEEP %kt
5E$ %o PEEP trial D KWL, Ml PR O BLE A
51 30 ~ 35cmH,0 2SH%E & % 545, 60cmI,0 &5 %
WEBHED P IA TR SBERIIfTONE D)L
CHWHRTWS, LA L, WARHA 1 RETE
K¢ 1] O B R BRI AL e M A IR R ASZ L ] RE
Vb WERICH 2 HEIEHTE WY,
COREEHM) 12ODRRGPAET—-FEL T,

November 30, 2019 145



Kotani T

APRV? & %\ inverse ratio ventilation (IRV) ¥
Wb, WINLEILRER2 2 ~ 4B LR, FUKE
JEDOMTH - TdRFHOSETEEREI RIS NS,
PEERIENTEZ V155720, T OWA T — FIZHFL
7eERT E MBS N7z ICU B ER SN D, Thoo
FHEEZEHWTH Y 7 V=AY P TELRVWEAEIL R
RTHBHD, TN EDY 70— b X v MLUEIERE
THILEBEIOT S,

3. WY 7IL— b X2 bD D ORBIEE

FINC LY MEE EIAEMIC, P AGIERE NI
AT DB D B 72, B DI EMIC D X
IR R, — R T 222 TY 70— 1
AVIENBEIEDH DLW, RLOEHEIL, BN
WHORFLF—V R L RELHBIE52ETD
VI N— TR MR EIIET 5o MEEAMHRE DR
EEHENRZE S5 TRTFO 121X 7 v— A b
WREEZZOND D, R OBALBIAFREIC L ) —
R 7Z20) 7 v — b X 2 M3 SN DA, BPROFHRE
PRAE S Mo JEBAGL & il OFFER 2 5T — R &
WHEIZE DY 7= MR L7 b B B Y,

V. UZIb— kX2 bOFHEE

ZHEY) 7 v — b A v MR XY BB o BB E AT
fofiud, MR, RFEILOLE (Pao, »
%L Pa0,/F10, FA). a7 547 v A0,

EIT®
global image

TS & 5 LM OW L W 2 P oh b,
L2 Ly THEOMEIENLT L EAMFEIROEE %
V7 NV— AV F2BRLRV, 512, §TICHME
L T2 #IR OB R S Twn v, 2HUSH
LY ZV— XY Mk TORE#REG (& A5
CT) OREIZFFM L3 (R1) A% HIE-REZ O
B HDE) ZAZIIRELETE R 5%\,
JTAERFFE AN HE A 72 electrical impedance tomography
(EIT) 3V ZV—F XY PIRENRY FH AL FTYT
VoA LITHED R LEHli§ 2 DIZE L TWb, B2
1 EIT 12 & D #i3E CTHIS L 72 incremental/decremen-
tal PEEP trial D@ E2 €E=4% 1) v 7 LR ERL
Fro T OIEBITIISIE % 12emH0 TR L. PEEP
20cmH,0 A5 2 4+ L1 2emH,0 T F S CHipy
XA kD4 v ¥ —F v 2l (BEfemik AR
IZAHY) #E=%1Y Y7 LT\wb, PEEP 20 T4
DR SN, PEEP O FIZ L 7245w i e 43 TR
PR TW5 (Faofnr). JossidEFiRL v

B 1 APRVICEBUZIL— kX2 MRIRDKER CT O
1t

Decremental PEEP ftrial

2 Electrical impedance tomography % F\\ 7= Decremental PEEP trial D#%:&

146 November 30, 2019



72l Ez2 55, 12cmH,0 F T T L 72K 5T global
image CIXATHEBAFO 25 BIZELL., KD
KT AR LTWb, PEEP 20 DA A —Y L OILEKTIZ
RO ASHB L TB YRR T 2 RBLL T 5,
ULFedz b, ZOEHFTIEYY PEEP 8cmH,0 T
N T ASBIG S M7z 2SR A% A 1) . decremental
PEEP trial IZ& Y PEEP 20cmH,0 THibi#i & 1. PEEP
14ecmH,0 3B & B 1§ % 7c OB E HETE %,
D7 — Ay MZOWTIE, T AERER A
AHOF FWHERRIAD LS THBEL RIZLEHFSHE
HiL. ZORMED AW EAEEE SNTE 7/, EIT
1% 2019 4F 8 HICHEHRWABY, bAETHHRE N

HHWANE 722 200, SRS R TIUEKRE IR
MEEDL LT EHGFTE S,

V. UZJI— M X 2 FORIRES

V7 V=X Y IR ENEZ ER S5,
COMR, FIRETRZ WS LALZEORAN M &
L, HEORANZ LA ST, DD, Y
ZV— kA Y MIBMMEIIRTE R E D X ) RIG3R % Bk
HICEAHTE ZREETIT) o SMEMPIRAIEESEBAE (acute
respiratory distress syndrome : ARDS) SESI TIZAE
D%RAM EAIER 2R IEN D TR D 5 19,
Y27 v— b AL MTXBIERIH & ) BORhFRIZ
M%%&%kwvﬁ®%%%hﬁéﬂmﬁ#%0\m
Re L THB~ORFEMAGLZEASIES 19, 72, i
WY, iz NRIEENEE LRSS0
FTTIRHBLTWAIEZ LED R WELEIZE %@‘u—
LB, mEMiDY 7V — b TldReai LR E
N579 b= 30cmH,0 * B2 AEPHHINLZ &
BB LL AL, Bl s > TEhigERED ) A
7 L% 5,

LL. FRUEIE, V70— F X ¥ bOEKEERF
i B MED D B L EFIEIE X o MET A DYGE
ZHEE L2 Z V=AY M3, BREZFEREZR
CHREHEDH DR TE RV, 202D, MEFTAD
BT HETIE R CRHRICEE v, ALFROHT
EEBFILOWHEZ T TIE R L BRI X BH5ED
WMHEEINLZITNER D v, #EIZEL @ﬂiﬂ’lfi%
fLitiget iEAE% (randomized controlled trial : RCT)
RA G RN AT OIS, W NDF T SRR
AT b AN CTERELEEHZHSTWDH, ZORHE,

AL Jpn J Respir Care Vol.36 No.2

BifaY) 7 v — bt 2 ¥ s OFECHUER RILBRER T,
ARMERIREN TRV I 33 ZhZFORRETY
INV—F AL FOFRETRTEHEETHILIETER
Vo SR, U ZV—FA Y MIRIOE=ZF ) V7 EH
WERilig 5 Z RS NS, BN E HV72 PEEP
titration (X 1 D DOFEIPLTH - 7225, BRI F KIS
HARFEREIZFRD SN o729, EIT 12 X %5l
SREBIICHE T RETHH I,

VI UZJL— A2 FOWRR

xHGUEEBRBE AR R Tld e WIKEE R IIE & £ 2 5
Nbo V7 V— AL NERENIEEBERAISL DO
FERE & PEBR ML AFAl 247 ) Z L 2SS S s, Feds
ETI1Z CT oz wiigxidd iz, TR &
DIERT 5 & L,

EBRIVICY) 7 v — b X v b OERIMEE T A A
3% 25, ARDS % R42 60 HAEAE R &0 P4
% F W72 RCT TREERMA IR ShTuzv,
ARDS O & 9 A —ICEE SN (COPDIXHD &
AREV) BiCx L. 7a ba)ick ) Ex —fI2k
FIE M % RCT TIREBI OFEEADTE B n720%)
RERTORELNES S,

L2*L. HiE ARDS, & < IZHlifRiE#N & LTk

BRI TIIT ASHDHERE T E R WIERITIE, M5
POY I N— AL FEAT) TENHERINTED,
ZORKNEFIHDAHIN TS (B3) 2, Hw
PEEP (2 & 2 I L0 MR ECMO ~DO AT & M
HT 50DV I N— P AV VIERELAT v T L
% 5o BT TIE, I 04 5 Rk O I A5 PR
WZBWTH, EAERRS L & HICEMRY) 7 v— b
AV MR EHELZ A I TS LRI Nz,

W JYJ7)I—khXAMDEAES

BifEY 72 v — 1 2 2 b Tld, H S5 ER R A
EYIIV— bRV MOKEED S OIHERES LS
L THHDN V7 NV— AV MRICHERSREZ 5 7%
WEIHICT B EIIFAER FNURICEETH S,
PEEP HMK$ X % Z &2 X 2 B R B BOek i LA 12 38
SET B ROz ODE=51 ¥ 7 & LTt Spo,
DT TH A 05 Fo, ZHmHELTEL L
SpO, DIFFLEEAML T F 572, Spo, 392 ~ 94% &
BAHEIVRET D, RO EITICEBE=FY V7

November 30, 2019 147



Kotani T

ARDS % v N7 — 7R TE TR

-~

BRRILRED 20 yes
RREH S LIS DEEEA

L______W

Vt 4mL/kg PBW T Pplat>30cmH,0

Pa0,<60 (Fio,=1)
HBWVIE

HBWVIE
pH<7.2

PEEP # 15 4&I\Z 2cmH,0 2&A 20cmH,0 % T#0
P2/ HBWIE
JJI—hA> hv=a2—/% (fil : 30 ~ 40 cmH,0 T 30 ~ 40 %)

JIW— kX2 b
A5k

H

Spo, 7 5% LI EIEMNH B\
Paco, BB & % LM E
AT 4T XEM

JIW— kX2 b
AIRE

=\ PEEP %2/

—> Alveoli study ® PEEP ~

Pao,/Fi0,<60

r' s

HFOV/HFPV X ECMO %% &

6~

60=Pa0,/Fi0,<100

24 BFET
== i

APRV X HFOV/HFPV & £&

v

3 [REHASERES Comk20 X DU - &%)

Y=t X Y IR ERESES 1 FBETH 5,
X. ¥ & &

) 7=k A ¥ Md & LICHE ARDS IZB W THE
BEHTH A, LL, V27— bx Y bOFFEIC
DWTRWEZH LN TR SEREIRNA LW
LMPICTHLENRD 5. FERlIDH 72> T~ OIEH]
TAY v FEeFRAY v b ETHICHRE L#EIRRRE %
PET B0 W HMRFEALOYHETIE R L, Mik#EOH
HpHY 7 V=AY bEITH) L ELICZITAR
LNDoD0H b, EITI1ZY 7 )Vv— b A ¥ MRYFRZ BIEELC
FHMECTELZENOEERENRTNARERDLTHS
Jo

KA DFEFIIIHE S 7z COLIZ ARV,

148 November 30, 2019

1)

2)

3)

4)

5)

6)

2 E X
van der Zee P, Gommers D : Recruitment Maneuvers and
higher PEEP, the so-called open lung concept, in patients
with ARDS. Crit Care. 2019 ; 23 : 73.
Mead ], Takishima T, Leith D : Stress distribution in lungs :
a model of pulmonary elasticity. J] Appl Physiol. 1970 ; 28 :
596-608.
Constantin JM, Godet T, Jabaudon M, et al : Recruitment
maneuvers in acute respiratory distress syndrome. Ann
Transl Med. 2017 ; 5 : 290.
Tusman G, Acosta CM, Costantini M : Ultrasonography for
the assessment of lung recruitment maneuvers. Crit Ultra-
sound J. 2016 ; 8 : 8.
Habashi NM : Other approaches to open-lung ventilation :
airway pressure release ventilation. Crit Care Med. 2005 ;
33 1 S228-40.
Santos RS, Moraes L, Samary CS, et al : Fast versus slow
recruitment maneuver at different degrees of acute lung
inflammation induced by experimental sepsis. Anesth
Analg. 2016 ; 122 : 1089-100.



7)

8)

9)

10)

11)

12)

13)

14)

Borges JB, Okamoto VN, Matos GF, et al : Reversibility of
lung collapse and hypoxemia in early acute respiratory dis-
tress syndrome. Am ] Respir Crit Care Med. 2006 ; 174 :
268-78.

Zampieri FG, Costa EL, Iwashyna T]J, et al : Heterogeneous
effects of alveolar recruitment in acute respiratory distress
syndrome : a machine learning reanalysis of the Alveolar
Recruitment for Acute Respiratory Distress Syndrome
Trial. Br J Anaesth. 2019 ; 123 : 88-95.

Kollisch-Singule M, Emr B, Jain SV, et al : The effects of
airway pressure release ventilation on respiratory mechan-
ics in extrapulmonary lung injury. Intensive Care Med Exp.
2015 ; 3 : 35.

Kotani T, Katayama S, Fukuda S, et al : Pressure-controlled
inverse ratio ventilation as a rescue therapy for severe
acute respiratory distress syndrome. Springerplus. 2016 ;
5:716.

N 3B, E¥ T : Electrical impedance tomography
HI N LI s 37 5% & BP0 57 o 7ok P e P il B
Pt IRRE R IR A 2B O 161, ICU & CCU. 2016 ;
40 : 146-9.

Gattinoni L, Taccone P, Carlesso E, et al : Prone position
in acute respiratory distress syndrome. Rationale, indica-
tions, and limits. Am J Respir Crit Care Med. 2013 ; 188 :
1286-93.

Kotani T, Hanaoka M, Hirahara S, et al : Regional overdis-
tension during prone positioning in a patient with acute
respiratory failure who was ventilated with a low tidal vol-
ume - a case report. J Intensive Care. 2018 ; 6 : 18.

Mojoli F, Bouhemad B, Mongodi S, et al : Lung ultrasound

15)

16)

17)

18)

19)

20)

21)

AL Jpn J Respir Care Vol.36 No.2

for critically Il patients. Am ] Respir Crit Care Med. 2019 ;
199 : 701-14.

Vieillard-Baron A, Price LC, Matthay MA : Acute cor pul-
monale in ARDS. Intensive Care Med. 2013 : 39 : 1836-8.
Das A, Haque M, Chikhani M, et al : Hemodynamic ef-
fects of lung recruitment maneuvers in acute respiratory
distress syndrome. BMC Pulm Med. 2017 ; 17 : 34.
Goligher EC, Hodgson CL, Adhikari NKJ, et al : Lung re-
cruitment maneuvers for adult patients with acute respi-
ratory distress syndrome. a systematic review and meta-
analysis. Ann Am Thorac Soc. 2017 ; 14 : S304-11.
Cavalcanti AB, Suzumura EA, Laranjeira LN, et al : Effect
of lung recruitment and titrated positive end-expiratory
pressure (PEEP) vs low PEEP on mortality in patients
with acute respiratory distress syndrome : a randomized
clinical trial. JAMA. 2017 ; 318 : 1335-45.

Beitler JR, Sarge T, Banner-Goodspeed VM, et al : Effect
of titrating positive end-expiratory pressure (PEEP) with
an esophageal pressure-guided strategy vs an empirical
high PEEP-Fio2 strategy on death and days free from me-
chanical ventilation among patients with acute respirato-
ry distress syndrome : a randomized clinical trial. JAMA.
2019 ; 321 : 846-57.

Esan A, Hess DR, Raoof S, et al : Severe hypoxemic respi-
ratory failure : part 1-ventilatory strategies. Chest. 2010 ;
137 : 1203-16.

Severgnini P, Selmo G, Lanza C, et al : Protective mechan-
ical ventilation during general anesthesia for open abdom-
inal surgery improves postoperative pulmonary function.
Anesthesiology. 2013 ; 118 : 1307-21.

November 30, 2019 1 49



Kotani T

Alveolar recruitment

Toru KOTANI

Department of Intensive Care Medicine, Showa University

Corresponding author : Toru KOTANI
Department of Intensive Care Medicine, Showa University
1-5-8 Hatanodai, Shinagawa-ku, Tokyo, 142-8555, Japan

Key words : alveolar recruitment, gas exchange, ventilation distribution, ventilator- induced lung injury

Abstract

Alveolar recruitment includes all methods that re-aerate collapsed alveoli and make them took part in gas
exchange. When recruited, oxygenation is improved in most cases. Additionally, alveolar recruitment provides
ventilation homogeneity that might prevent ventilator-induced lung injury. To recruit the collapsed alveoli an
intervention that sufficiently increases the gradient between intra- and extra-alveolar pressure is required. The
sufficient level of pressure gradient depends on the conditions of alveolus itself and the surrounding tissues.
The interventions include a recruitment maneuver that is applied with sustained inspiratory pressure in short-
er duration and special ventilatory modalities or adjuvant therapies that directly provide or support alveolar
recruitment in hours. Achievement of recruitment is often evaluated by the improvement of oxygenation and/
or compliance. It is more reliably confirmed by radiological examination or ventilatory distribution assessment.
Because the interventions for alveolar recruitment can cause circulatory deterioration and lung injury, the ap-
plication and detailed methods should be determined by the advantages and disadvantages in each case.
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