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8+($B+,$H &'I =J1 «6I$KK+-#FµLH» IBL &EC +B,*-+ME %$# &EC IB'F&)(#NE &OC 

%$DEKE&PC  5BQ('I R$%ICD#C'Q, /$(G-$µB'I 7'QFF'I %$# &'I +B,%'I('I %$DEKE&) 

5BQ('I .+C&S+-LB'I-'I. 8T-O C$ &'IH +IU$(#F&)FO +K%G("#$ K#$ &EC +µB#F&'FQCE 

&'IH %$# K#$ &E FIC+#FV'(G &'IH F&EC '-'%-)(OF) &EH.   

8$ )D+-$ +B,FEH C$ +IU$(#F&)FO &'IH FIC+(KG&+H &OC +(K$F&E(,OC &'I 

#"(Qµ$&'H «8970<» %$# #"#$,&+($ &E WGFO 3$($*GC$ K#$ &E FIµB$(GF&$FE %$# &E 

FIC+(K$F,$ &EH, &E FIC+(KG&E &'I =$C+B#F&Eµ,'I 2O$CC,COC ;TFB'#C$ =$C&$S), &EC 

3(,F&E 5&$I($%G%E %$# &'C 3OCF&$C&,C' J-ICL K#$ &EC B'-Q&#µE *')D+#G &'IH F&E 

FI--'K) &OC "+#KµG&OC %$#  &'C 5O&)(E .$-$U,$ K#$ &E FIµ*'-) &'I F&' %-#C#%L 

µT('H &EH +(K$F,$H. 6IU$(#F&P #"#$,&+($ &'IH K#$&('QH %$# &'IH C'FE-+I&TH &EH 

.'CG"$H 6C&$&#%)H 8+($B+,$H K#$ &EC IB'µ'C) %$# &EC IB'F&)(#N)  &'IH. >T-'H, 

F&'IH $FD+C+,H %$# &'IH FIKK+C+,H &OC $FD+CPC B'I "TUDE%$C C$ FIµµ+&GFU'IC F&#H 

%-#C#%TH µ+-T&+H, D$ )D+-$ µ+ $V'(µ) $I&) &E "#$&(#*) C$ +%V(GFO &EC 

+IKCOµ'FQCE µ'I. 
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ARDS) U(EF#µ'B'#)DE%$C K#$ C$ B+(#K(GM'IC &' %-#C#%L FQC"('µ' µ+ 'N+,$ 

TC$(NE, $µV'&+(LB-+I(+H V-+Kµ'CP"+#H BC+Iµ'C#%TH "#ED)F+#H %$# "#$&$($U) &EH 

'NIKLCOFEH F&'C +C)-#%$. ! B(P&E B+(#K($V) &'I FIC"(Lµ'I TK#C+ $BL &'C 

Laennec &' 1821, ' 'B','H U(EF#µ'B',EF+ &'C L(' “#"#'B$DTH BC+Iµ'C#%L ',"Eµ$” 

+CP F$C “FQC"('µ' $C$BC+IF&#%)H "IFUT(+#$H” B(O&'$C$VT(+&$# &' 1967 $BL &'C 

Ashbaugh K#$ C$ "E-PF+# &EC &$UQBC'#$ 'N+,$H TC$(NEH, µ+ "#GUI&$ BC+Iµ'C#%G 

"#ED)µ$&$, $BP-+#$ &EH BC+Iµ'C#%)H +C"'&#%L&E&$H %$# IME-) DCE&L&E&$ [Ashbaugh 

et al 1967]. >' 1994 %$&LB#C 'µ'VOC,$H &EH 0µ+(#%$C#%)H %$# &EH 6I(OB$Y%)H 

+B#&('B)H K#$ &' ARDS I#'D+&)DE%$C '# '(#Fµ', K#$ &' ALI %$# &' ARDS µ+ *GFE 

&'IH 'B','IH '(K$CPDE%+ %$# E µ+-T&E &EH +B#"Eµ#'-'K,$H, &EH B$D'VIF#'-'K,$H %$# 

&EH D+($B+,$H &'I FIC"(Lµ'I µTU(# B(LFV$&$ [Bernard et al 1994]. 
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4# #FUQ'C&+H '(#Fµ', B('T(U'C&$# $BL &EC +B#&('B) 'µ'VOC,$H 0µ+(#%)H %$# 

6I(PBEH B'I "Eµ'F#+Q&E%$C &' 1994. ! "#+DC)H +B#&('B) L(#F+ K#$ &EC 'N+,$ 

BC+Iµ'C#%) *-G*E (ALI) &$ +N)H %(#&)(#$: (i) 'N+,$ TC$(NE (ii) "#$&$($U) 

'NIKLCOFEH B'I +%V(GS+&$# µ+ &' -LK' µ+(#%)H B,+FEH 'NIKLC'I F&' $(&E(#$%L 

$,µ$ B('H &' B'F'F&L +#FBC+Lµ+C'I 'NIKLC'I (PaO2 / FiO2 ) [ 300 mmHg, (iii) 

$µV'&+(LB-+I($ BC+Iµ'C#%G "#ED)µ$&$ F&EC $%&#C'K($V,$ DP($%$ %$# ( iv) 

$B'IF,$ %-#C#%)H TC"+#NEH IBT(&$FEH $(#F&+('Q %L-B'I ) BC+Iµ'C#%) $(&E(#$%) 

B,+FE +CFV)COFEH (PAOP) [ 18mmHg. >' FQC"('µ' 'N+,$H $C$BC+IF&#%)H 



' S'

"IFUT(+#$H (ARDS) $B'&+-+, &EC B#' $%($,$ µ'(V) 'N+,$H BC+Iµ'C#%)H *-G*EH µ+ 

F'*$() IB'NIK'C$#µ,$, LBOH %$D'(,S+&$# $BL &' -LK' PaO2 / FiO2  [ 200 mmHg 

(Bernard et al. 1994). 

4 '(#FµLH &EH 0µ+(#%$C'+I(OB$Y%)H +B#&('B)H, B$(G &' '&# FICT*$--+ F&' 

FIC&'C#FµL &EH µ+-T&EH K#$ &' ARDS F+ L-' &'C %LFµ', +µVGC#S+ $(%+&G 

B('*-)µ$&$ $N#'B#F&,$H %$# +#"#%L&+($, &EC $FGV+#$ &'I L('I “'NQ FQC"('µ'”, &EC 

IB'%+#µ+C#%L&E&$ µ+&$NQ "#$V'(+&#%PC B$($&E(E&PC LF'C $V'(G &E "#$B,F&OFE 

&OC “$µV'&+(LB-+I(OC BC+Iµ'C#%PC "#EDEµG&OC” [Rubenfeld et al 1999], %$# &EC 

+I$#FDEF,$ &'I %(#&E(,'I &EH 'NIKLCOFEH F+ µ#%(TH µ+&$*'-TH &EH 

&+-'+%BC+IF&#%)H B,+FEH (PEEP) [Villar et al 2007]. >$ B('*-)µ$&$ $I&G '")KEF$C 

F&EC $C$D+P(EF) &'IH %$# F&E "#$&QBOFE &OC %(#&E(,OC &'I W+('-,C'I. T$ 

%(#&)(#$ $I&G +%&#µ)DE%$C +µB+#(#%G %$# +B$C$"#$&IBPDE%$C T&F# PF&+ ' '(#FµLH 

&'I ARDS C$ +,C$# %$&G &' "IC$&LC +QU(EF&'H, $N#LB#F&'H %$# C$ TU+# B('KCOF&#%) 

$N,$. 4# FEµ$C&#%L&+(+H $--$KTH F+ FUTFE µ+ &'C B$-$#L&+(' '(#FµL +,C$#: (1) E 

$V$,(+FE &'I L('I “'N+,$ BC+Iµ'C#%) *-G*E” %$# E $C&#%$&GF&$F) &'I µ+ &(,$ 

+B,B+"$ *$(Q&E&$H &'I ARDS FQµVOC$ µ+ &' -LK' PaO2/FiO2 F+ &+-'+%BC+IF&#%) 

B,+FE &'I-GU#F&'C 5 cmH2O. (2) o B('F"#'(#FµLH U('C#%)H B+(#L"'I 7 Eµ+(PC K#$ 

&'C B('F"#'(#FµL &EH 'N+,$H TC$(NEH %$# (3) E $V$,(+FE &'I '(,'I &EH B,+FEH 

+CFV)COFEH K#$ &'C $B'%-+#FµL &'I %$("#'K+C'QH '#")µ$&'H $BL &$ %(#&)(#$ [The 

ARDS Definition Task Force, JAMA 2012]. >$ %(#&)(#$ &'I W+('-,C'I +µV$C,S'IC 

-,K' %$-Q&+(E B('KCOF&#%) $N,$ LF'C $V'(G F&E DCE&L&E&$ &'I ARDS F+ FUTFE µ+ 

&$ B('EK'Qµ+C$ (AUC 0.577 TC$C&# AUC 0.536 &OC AECC) [Walkey et al 2012]. 

 

 

 



' K'
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=+(,B'I 5% &OC $FD+CPC B'I *()F%'C&$# F+ µEU$C#%L $+(#FµL +µV$C,S'IC 

ARDS [Esteban et al 2008]. 0BL $I&'QH &' 25% +%"E-PC+# )B#' (PaO2/FiO2 200-

300) %$# &' 75% µT&(#' %$# *$(Q ARDS +CP &' 1/3 &OC $FD+CPC µ+ )B#$ CLF' D$ 

+%"E-PF+# F&EC B'(+,$ %$# *$(Q&+(E µ'(V) [Rubenfeld et al 2005]. H +B,B&OFE B'I 

$C$VT(+&$# F&E *#*-#'K($V,$ B'#%,--+# FEµ$C&#%G (64.2-78.9/100.000 G&'µ$/T&'H 

F&#H !=0, 17/100.000 G&'µ$/T&'H F&E *L(+#$ 6I(PBE, 7.2/100.000 G&'µ$/T&'H F&EC 

2FB$C,$) [Rubenfeld et al 2005, Villar et al 2011]. 4# "#$V'(TH $I&TH 'V+,-'C&$# F+ 

"Eµ'K($V#%G $,&#$, F+ "#$V'(TH F&' FQF&Eµ$ B$('U)H IBE(+F#PC IK+,$H %$# F&' 

+B,B+"' &OC "#'#%E&#%PC IBE(+F#PC [Howard et al 2004, Ferguson et al 2005].  

 ! DCE&L&E&$ &'I FIC"(Lµ'I V&GC+# &' 40%, %$# FU+&,S+&$# µ+ &E *$(Q&E&$ 

"#$&$($U)H &EH 'NIKLCOFEH [Rubenfeld et al 2005]. 3$&’ $C&#F&'#U,$ µ+ &$ %(#&)(#$ 

&'I W+('-,C'I, $C$VT(+&$# DCE&L&E&$ 27% (95% CI 24%–30%) F&'IH $FD+C+,H µ+ 

)B#' ARDS (PaO2/FIO2 201–300), 32% (95% CI 29%–34%) F\+%+,C'IH µ+ µT&(#$H 

*$(Q&E&$H ARDS (PaO2/FIO2 101–200), %$# 45% (95% CI 42%–48%) F&'IH 

$FD+C+,H µ+ *$(Q ARDS (PaO2/FIO2 <100) [The ARDS Definition Task Force, 

JAMA 2012]. =$(G &' '&# E "#$&$($U) F&EC 'NIKLCOFE $B'&+-+, B$(GK'C&$ 

%#C"QC'I K#$ &E DCE&L&E&$, '# $FD+C+,H K+C#%G %$&$-)K'IC $BL B'-I'(K$C#%) 

$C+BG(%+#$ ) +B#"+,COFE &EH IB'%T#µ+CEH CLF'I %$# µLC' &' 13%–19% $BL 

$CD+%&#%) $C$BC+IF&#%) $C+BG(%+#$ [Villar et al 2011, Stapleton et al 2005]. O 

B('F&$&+I&#%LH µEU$C#%LH $+(#FµLH µ+ U$µE-'QH $C$BC+Lµ+C'IH LK%'IH V$,C+&$# C$ 

TB$#N+ FEµ$C&#%L (L-' F&E µ+,OFE &EH DCE&L&E&$H F&' ARDS &$ &+-+I&$,$ 20 

U(LC#$ [Erikson et al 2009, The ARDSnet 2000, Checkley et al 2008, Li et al 2011], 

LµOH K#$ &'IH $FD+C+,H B'I $+(,S'C&$# µ+ U$µE-'QH $C$BC+Lµ+C'IH LK%'IH, E 



' N'

DCE&L&E&$ "+C TU+# $--GN+# FEµ$C&#%G &$ &+-+I&$,$ U(LC#$ [Checkley et al 2008, Li 

et al 2011].  
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! #%$CL&E&$ &'I BC+Qµ'C$ K#$ $C&$--$K) $+(,OC B($Kµ$&'B'#+,&$#  UG(E 

F&EC $%+($#L&E&$ &'I %IM+-#"#%'Q +B#DE-,'I, %$# &'I +C"'DE-,'I &OC $KK+,OC &EH 

BC+Iµ'C#%)H µ#%('%I%-'V'(,$H [Bernard et al 1986, Ware et al 2000, Orfanos et al 

2004, Diaz et al 2010]. ]&$C %GB'#$ $BL $I&TH &#H "'µTH IB'F&+, *-G*E, µB'(+, C$ 

+µV$C#F&+, %IM+-#"#%L ) "#Gµ+F' ',"Eµ$. ! "IF-+#&'I(K,$ &'I VIF#'-'K#%'Q 

V($Kµ'Q +C"'DE-,'I %$# +B#DE-,'I "#$"($µ$&,S+# %+C&(#%L (L-' F&EC +NT-#NE &EH 

'N+,$H BC+Iµ'C#%)H *-G*EH [Matthay et a; 2005, Ware et al 2008]. ! *-G*E $I&) 

U$($%&E(,S+&$# $BL µE %$("#'K+CTH BC+Iµ'C#%L ',"Eµ$ %$# FU+&,S+&$# $#&#'-'K#%G µ+ 

F'*$(TH %-#C#%TH "#$&$($UTH B'I B+(#-$µ*GC'IC &EC BC+Iµ'C,$, &E µ) BC+Iµ'C#%)H 

$#&#'-'K,$H F)ME, &EC +#F(LVEFE, &' µ+,S'C &($Qµ$ %$# &EC %$&$B-EN,$ [Brun-

Buisson et al 2004, Rubenfeld et al 2005]. 

! B$D'-'K,$ &'I ARDS +N+-,FF+&$# F+ &(,$ F&G"#$: >' +N,"(Oµ$&#%L, &' 

B'--$B-$F#$F&#%L %$# &' #CO&#%L [Bellingan et al 2002, Tomashefsky et al 1990]. 

XC$ FQµ*$µ$ *-$B&#%L K#$ &'C BC+Qµ'C$ (Gµ+F' ) Tµµ+F') %#CE&'B'#+, &EC 

+N#"(Oµ$&#%) VGFE. 5’ $I&L &' F&G"#' +B#%($&+, E 'N+,$ V-+Kµ'C), +%%-Q'C&$# 

B('V-+Kµ'CP"+#H %I&$('%,C+H, %#CE&'B'#'QC&$# &$ 'I"+&+(LV#-$ %$# "#$&$(GFF+&$# 

E -+#&'I(K,$ &'I +C"'DE-,'I. ! $C$BC+IF&#%) $C+BG(%+#$ F&' F&G"#' $I&L 

$B'","+&$# F&EC GD('#FE IK('Q B-'QF#'I F+ B(O&+^C+H µTF$ F&#H %IM+-,"+H %$# F&EC 

µ+#OµTCE T%%(#FE +B#V$C+#'"($F&#%'Q B$(GK'C&$ $BL &$ BC+Iµ'C'%Q&&$($ &QB'I II. 

! +BLµ+CE VGFE B'I "#$(%+, 2–7 U$($%&E(,S+&$# $BL B'--$B-$F#$FµL &OC 

BC+Iµ'C'%I&&G(OC, B(P#µ+H #CO&#%TH $--'#PF+#H %$# BGUICFE &'I &'#UPµ$&'H &OC 



' O'

%IM+-#"#%PC &(#U'+#"PC. 5+ '(#FµTC'IH $FD+C+,H $%'-'ID+, &' F&G"#' &EH ,COFEH, 

'B'I $INGC+&$# E +C$BLD+FE %'--$KLC'I (6#%LC+H 1 %$# 2).   
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4# µ+-T&+H B'I B+(#-$µ*GC'IC *#'"+,%+H BC+Iµ'C#%)H %$# FIF&Eµ$&#%)H 

*-G*EH F+ $FD+C+,H $--G %$# F+ B+#($µ$&#%G µ'C&T-$ F&'U+Q'IC F&EC %$&$CLEFE 

&EH B$D'VIF#'-'K,$H, &' FU+"#$FµL CTOC D+($B+I&#%PC F&($&EK#%PC %$# &EC 

+%&,µEFE &EH $C&$BL%(#FEH F+ CT+H D+($B+,+H [Levitt et al 2009, Ware et al 2007, 

Ware et al 2010]. 3$&G &$ &+-+I&$,$ 20 U(LC#$ E T(+IC$ BGCO F&'IH *#'"+,%&+H TU+# 

VT(+# F&' VOH FEµ$C&#%TH B-E('V'(,+H K#$ &EC B$D'VIF#'-'K,$ &EH BC+Iµ'C#%)H 

*-G*EH %$# &OC µEU$C#FµPC +B#"#L(DOFEH, &OC %I&&$(#%PC B-IDEFµPC %$# &OC 

"#$*#*$F&PC B'I +µB-T%'C&$#  %$# CT+H #"T+H TU'IC "Eµ#'I(KED+, K#$ B#D$C'QH 

D+($B+I&#%'QH F&LU'IH (=,C$%$H 1).  

4# *#'"+,%&+H &'I ARDS $C&$C$%-'QC &EC +C+(K'B',EFE %I&&G(OC %$# 

µEU$C#FµPC %I&&$(#%)H *-G*EH %$# &OC FIF&EµG&OC &EH V-+Kµ'C)H, &EH B)NEH %$# 

&EH #C'"L-IFEH. 3GB'#'# $BL &'IH *#'"+,%&+H TU'IC B-+#'&('B#%) "(GFE %$# µB'(+, 

C$ FIµµ+&TU'IC F+ µEU$C#Fµ'QH +B#"#L(DOFEH. >T&'#'# "+,%&+H TU'IC µ+-+&ED+, %$# 

F$C "+,%&+H %-#C#%)H T%*$FEH %$# F+ FUTFE µ+ &#H µT(+H +%&LH $C$BC+IF&)($, &E 

DCE&L&E&$ %$# &E C'FE(L&E&$ [Levitt et al 2009, Ware et al 2010]. 5)µ+($ '# 

*#'"+,%&+H U(EF#µ'B'#'QC&$# F&' UP(' &EH T(+IC$H %I(,OH &OC B$D'VIF#'-'K#%PC 

µEU$C#FµPC. ! µ+--'C&#%) +V$(µ'K) &T&'#OC "+#%&PC µB'(+, C$ $V'(G F&' 

FU+"#$FµL CTOC %-#C#%PC µ+-+&PC ) F&EC +B#-'K) 'µG"OC $FD+CPC %$DPH %$# F&EC 

$N#'-LKEFE CTOC D+($B+I&#%PC F&($&EK#%PC. .TU(# F)µ+($ "+C TU+# *(+D+, TC$H 

"+,%&EH B'I C$ +,C$# $(%+&G +I$,FDE&'H %$# +#"#%LH K#$ C$ +CFOµ$&OD+, F&EC %-#C#%) 

B(GNE [Ware et al 2010, Cross et al 2011]. 5&'C =,C$%$ 1 $C$VT('C&$# '# 



' P'

FEµ$C&#%L&+('# $BL &'IH "+,%&+H $I&'QH B'I TU'IC U(EF#µ'B'#ED+, F&EC T(+IC$ 

[Cross et al 2011]. 

'
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! 0%&#*,CE 0 +,C$# TC$H $INE&#%LH B$(GK'C&$H B'I FIµµ+&TU+# F&EC 

B$D'VIF#'-'K,$ B'--PC V-+Kµ'CO"PC C'FEµG&OC &'I BC+Qµ'C$, OF&LF', ' $%(#*)H 

(L-'H B'I "#$"($µ$&,S+# %$# E B#D$C) $N,$ &EH F$C D+($B+I&#%LH F&LU'H "+C TU'IC 

"#+I%(#CIFD+,. 5+ B(LFV$&E µ+-T&E VGCE%+ '&# E T%V($FE &EH $%&#*,CEH 0 F&'C 

BC+Qµ'C$ &'I B'C&#%'Q, F+ +B,B+"$ FIK%(,F#µ$ µ+ +%+,C$ &'I *('KU'%IM+-#"#%'Q 

+%B-Qµ$&'H $FD+CPC µ+ ARDS (6#%LC$ 3), B('%$-+, *-G*E B$C'µ'#L&IBE µ+ &' 

ARDS. ! B$($&E('Qµ+CE µ+,OFE &EH #F&'-'K#%)H *-G*EH B'I B('%$-+,&$# $BL &EC 

IB+(T%V($FE &EH 0%&#*,CEH 0 ) $BL TKUIFE -#B'F$%U$(#",'I (LPS) F&'C BC+Qµ'C$, 

µ+&G &E D+($B+I&#%) U'()KEFE $C$FIC"I$FµTCEH B(O&+^CEH B'I +N'I"+&+(PC+# &E 

"(GFE &EH $%&#*,CEH, IB'"E-PC+# '&# E F&LU+IFE &EH $%&#*,CEH 0 µB'(+, C$ 

$B'&+-TF+# µ#$ D+($B+I&#%) F&($&EK#%) K#$ &'IH $FD+C+,H µ+ ARDS [Apostolou et al 

2012]. 0DNEµTC+H F&GDµ+H 0%&#*,CEH 0 F&'C '(L FIC"T'C&$# µ+ $INEµTCE DCE&L&E&$ 

F+ $FD+C+,H µ+ 'NT#$ $C$BC+IF&#%) $C+BG(%+#$ [Morritz de Kretser et al 2013]. 



' Q'

 

!&0*,$ 1: :J2!5 3:@6?2;4>72/462;23! .410;0 302 3:@6?2;0 5>4 

ARDS 

 

! IK#)H %IM+-#"'&(#U'+#"#%) µ'CG"$ ($(#F&+() B-+I(G) %$# E %IM+-,"$ F&EC 'N+,$ 
BC+Iµ'C#%) *-G*E F&$ B-$,F#$ &'I FIC"(Lµ'I ALI/ARDS ("+N#G B-+I(G). 5&EC 
'N+,$ VGFE &'I FIC"(Lµ'I, B$($&E(+,&$# $BP-+#$ &OC IK#PC %IM+-#"#%PC %$# 
*('KU#%PC +B#DE-#$%PC %I&&G(OC %$# FUEµ$&,S+&$# µ+µ*(GCE I$-,CEH F&EC 
$B'KIµCOµTCE *$F#%) µ+µ*(GCE. 4I"+&+(LV#-$ B('F%'--PC&$# F&' BGFU'C 
&(#U'+#"#%L $KK+,' µ+&$%#C'Qµ+C$ $BL &' "#Gµ+F' #F&L F&'C %IM+-#"#%L UP(', B'I 
+,C$# K+µG&'H $BL B-'QF#' F+ B(O&+^C+H IK(L. .TF$ F&'C %IM+-#"#%L UP(' &$ 
µ$%('VGK$ B$(GK'IC %I&&$('%,C+H (2L-1,6,8,10 & TNF–$ ), B'I %#CE&'B'#'QC 
UEµ+#'&$%&#%G %$# +C+(K'B'#'QC &$ 'I"+&+(LV#-$ %$# FIµ*G--'IC F&EC B$($KOK) 
+NO%I&&G(#$H 'IF,$H. ! +#F(') B-'QF#'I F+ B(O&+#C) IK('Q µTF$ F&'C %IM+-#"#%L 
UP(' '"EK+, F&EC $B+C+(K'B',EFE &'I +B#V$C+#'"($F&#%'Q B$(GK'C&$ (0BL Ware 
%$# Matthay, 2000). 

!
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5&EC 'N+,$ +N#"(Oµ$&#%) VGFE ($(#F&+(G) +C+(K'B'#'QC&$# &$ %IM+-#"#%G 
µ$%('VGK$ %$# B('GK+&$# E T%%(#FE B$($KLC&OC V-+Kµ'C)H. 4# B$(GK'C&+H $I&', 
"#+K+,('IC &E UEµ+#'&$N,$ %$# &EC +C+(K'B',EFE &OC 'I"+&+('V,-OC B'I µ+ &E F+#(G 
&'IH $B+-+ID+(PC'IC µ+F'-$*E&TH '# 'B','# +B#&+,C'IC &EC V-+Kµ'CP"E $BGC&EFE 
%$# FU+&,S'C&$# µ+ %IM+-#"#%) %$# +B#DE-#$%) *-G*E. 0B+#%'C,S'C&$# %$# '(#FµTC'# 
µEU$C#Fµ', B'I "#$"($µ$&,S'IC +B#"#'(DO&#%L (L-' ("+N#G). >$ %IM+-#"#%G %Q&&$($ 
&QB'I 2 IV,F&$C&$# IB+(B-$F,$ +CP K,C+&$# %$# +B#F&(G&+IFE &OC #C'*-$F&PC. 
0B+-+ID+(PC'C&$# $INE&#%', B$(GK'C&+H %$# $C&#V-+Kµ'CP"+#H %I&&$('%,C+H B'I 
FIµµ+&TU'IC F&EC +B#"#L(DOFE &EH BC+Iµ'C#%)H *-G*EH. >T&'#'# "#$*#*$F&TH 
$B'&+-'QC +C"#$VT('C&+H *#'"+,%&+H. AM: %IM+-#"#%L µ$%('VGK', ANG: 
$KK+#'B'#E&,CE, AT: %IM+-#"#%L +B#DE-#$%L %Q&&$(', IL: #C&+(-+I%,CE, IL-1ra: 
$C&$K'C#F&)H &'I IB'"'UT$ &EH #C&+(-+I%,CEH 1, RAGE: IB'"'UT$H &+-#%PC 
B('#LC&OC B('UO(EµTCEH K-I%'SI-,OFEH, SPD: B(O&+,CE ; &'I +B#V$C+#'"($F&#%'Q 
B$(GK'C&$, VWF: B$(GK'C&$H von Willebrand. 

promote pulmonary edema by producing reactive oxygen species that subsequently
decrease the expression of ENaC and the Na1-K1-ATPase.59 The dysregulation of the
microcirculation leading to increased permeability occurs in part by a RhoA/ROCK-
dependent destabilization of the microtubules.60 There is some evidence that TNFa
is increased in plasma and BALF and is predictive of outcome in single center

Fig. 1. The injured alveolus in the acute phase (left hand side) and the repair phase in acute
lung injury (ALI). In the acute exudative phase, there is activation of resident alveolar macro-
phages, which results in production of several proinflammatory molecules. These stimulate
chemotaxis and activation of neutrophils that release various mediators that further
increase the proinflammatory environment of the injured alveolus and are associated
with alveolar endothelial and epithelial injury. Some of the mechanisms that play a role
repair in ALI are illustrated (right hand side). Alveolar type 2 cells undergo hyperplasia,
and there is also recruitment of fibroblasts (not shown). There is release of growth factors
and anti-inflammatory cytokines involved in repair. These mediators as well as cell-specific
activation/injury can be measured as biomarkers. AM, alveolar macrophage; ANG, angio-
poietin; AT, alveolar epithelial cell type; IL, interleukin; IL-1ra, interleukin 1 receptor antag-
onist, RAGE, receptor for advanced glycation end products, reactive oxygen species, SPD,
surfactant D; VWF, von Willebrand factor.

Cross & Matthay362



' JI'

!&0*,$ 3:  0=4>6?65.0>0 J20 >!1 03>2W21! 0 5>4 BAL 0586191 
.6 ARDS 

'

A) .+&()F+#H $%&#*,CEH %$# A'-#F&$&,CEH (VIF#'-'K#%LH $B+C+(K'B'#E&)H) F&' 
*('UU'%IM+-#"#%L T%B-Iµ$ (BAL) $FD+CPC µ+ ARDS %$# $FD+CPC 'µG"$H +-TKU'I. 
B) 5QK%(#FE %$&G S+QKE 0%&#*,CEH 0 %$# A'-#F&$&,CEH F&'C ,"#' B-IDEFµL. C) 
='F'&#%) $CG-IFE PCR 0%&#*,CEH 0, 0%&#*,CEH W %$# TGF*1  mRNA F+ +B&G 
$FD+C+,H µ+ ARDS (V$,C'C&$# $C'#U&', %Q%-'# F&' A). =$($F%+IGFµ$&$ 
B+(#V+(#%PC µ'C'%I&&G(OC U(EF#µ'B'#)DE%$C F$C 'µG"$ +-TKU'I. ! FQK%(#FE &OC 
'µG"OC TK#C+ µ+ $CG-IFE "#$FB'(GH %$&G TC$ B$(GK'C&$ (one-way analysis of 
variance, ANOVA) µ+ post hoc "#L(DOFE Bonferonni. *P<0.05, **P<0.01 %$# 
***P<0.001. 
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' JN'

+1#$,&0*' $!%&'+*' +! ($5$,(2(1 "6151' '"#,*(1($' 
(HFO) 0$& '",3"$'+*' +! !,3*(%$#!&$01 !+/"'1'1 
$!%&2, (HFO-TGI) 
)
 
6250J9J! 
  

]&$C %$&G &EC +V$(µ'K) µEU$C#%'Q $+(#Fµ'Q U(EF#µ'B'#'QC&$# IME-TH 

&#µTH B#TF+OC, +#FBC+Lµ+C'I 'NIKLC'I %$# $C$BC+Lµ+C'I LK%'I B('%+#µTC'I 

C$ "#$&E(ED+, +B$(%)H $C&$--$K) $+(,OC, ' %,C"IC'H +µVGC#FEH BC+Iµ'C#%)H 

*-G*EH (ventilation induced lung injury, VILI) $INGC+&$# [Ranieri et al 1999]. 

! 'N+,$ BC+Iµ'C#%) *-G*E B'I B('%$-+,&$# $BL &' µEU$C#%L $+(#FµL 

B+(#-$µ*GC+# &L *$(L&($Iµ$ (barotrauma), &EC %IM+-#"#%) IB+("#G&$FE 

(volutrauma), &EC B+(#'"#%) FQK%-#FE %$# +B$C$"#GC'#NE &OC %IM+-,"OC 

(atelectrauma) %$DPH %$# &E V-+Kµ'C) (biotrauma) [Slutsky et al 1999, 

Gattinoni et al 2003]. 4 $+(#FµLH µ+ µ+KG-+H FIUCL&E&+H FU+"#GF&E%+ %$# 

+V$(µLS+&$# µ+ F&LU' C$ +-$U#F&'B'#)F+# &EC *-G*E B'I B('%$-+,&$# µTFO  

&OC $CO&T(O µEU$C#FµPC [Derdak et al 2003].   

=$($--$KTH &'I $+(#Fµ'Q µ+ ME-TH FIUCL&E&+H +,C$# ' IM,FIUC'H 

$+(#FµLH D+&#%PC B#TF+OC (high frequency positive pressure ventilation), ' 

IM,FIUC'H $+(#FµLH µ+ +%&LN+IFE $+(,OC (high frequency jet ventilation), %$# 

' IM,FIUC'H &$-$C&+I&#%LH $+(#FµLH (high frequency oscillatory ventilation) 

[Slutsky et al 2002]. 5&E FICTU+#$ D$ $C$V+(D'Qµ+ F&'C IM,FIUC' 

&$-$C&+I&#%L $+(#FµL (HFO), E $(U#%) +V$(µ'K) &'I 'B','I $V'('QF+ 

$B'%-+#F&#%G F+ C+'KCG µ+ FQC"('µ' 'N+,$H $C$BC+IF&#%)H "IFUT(+#$H  $--G 

+V$(µLS+&$# B-T'C %$# OH +C$--$%&#%L µ'C&T-' $+(#Fµ'Q F+ $FD+C+,H µ+ 

ARDS. 

 

 



' JO'

 

W052365 07/65 ?62>4:7J205 >4: HFO 

3$&G &'C $+(#FµL µ+ µ+KG-+H FIUCL&E&+H ' $C$BC+Lµ+C'H LK%'H (Tidal 

Volume, Vt) +,C$# +N’ '(#Fµ'Q µ#%(L&+('H $BL &'C $C$&'µ#%L C+%(L UP(' %$# 

E $C$BC+IF&#%) FIUCL&E&$ IME-L&+(E $BL 120 $C$BC'TH &' -+B&L K#$ &'C 

+C)-#%$ $FD+C) [Imai et al 2005, Krishnan et al 2000, Derdak et al 2003, 

Mehta et al 2004].  4# $C$BC+IF&)(+H HFO "#$DT&'IC +CFOµ$&OµTCE $C&-,$ 

µ+ Tµ*'-' B'I B('%$-+, &EC &$-GC&OFE +CLH "#$V(GKµ$&'H F+ FIUCL&E&+H 3-9 

Hz. ! µTFE B,+FE $+($KOKPC (mean airway pressure, mPaw) E 'B',$ $B'&+-+, 

%$# &' *$F#%L (IDµ#F&#%L B$(GK'C&$ &EH 'NIKLCOFEH "Eµ#'I(K+,&$# µTFO µ#$H 

FIC+U'QH (')H $+(,OC (bias flow) B'I *(,F%+&$# B('H &'C $FD+C) %$# "#T(U+&$# 

µTFO µ,$H $C&,F&$FEH B'I (IDµ,S+&$# µ+ *$-*,"$ (6,%LC$ 1) [Derdak et al 

2003]. 

EIKONA 1: 0=6234125! >4: 010=16:5>!70 HFO 
'

'
5UEµ$&#%) $B+#%LC#FE &'I $C$BC+IF&)($ HFO. >' &$-$C&+ILµ+C' "#GV($Kµ$ 
"Eµ#'I(K+, Eµ#&'C'+#") (') $T($. ! mPaw (IDµ,S+&$# µTFO &EH B$(GB-+I(EH (')H 
$T($ (bias flow). 
'
'

4 $+(#FµLH +B#&IKUGC+&$# µ+ &EC %,CEFE &'I +µ*L-'I E 'B',$ IB+(DT&+# 

µ#$ "#$V'(G B,+FEH (;7) +B, &EH mPaw "Eµ#'I(KPC&$H µ#$ &$-GC&OFE KQ(O 

$BL &EC mPaw. 6&F# "#$&E(+,&$# µ#$ B+(#'"#%) U'()KEFE LK%'I, %$&G &EC 



' JP'

'B',$ ' $C$BC+Lµ+C'H LK%'H +,C$# $CG-'K'H &EH &#µ)H &EH ;7 (*-TB+ 6#%LC$ 

2). 3$&G &E "#G(%+#$ +V$(µ'K)H HFOV &LF' E +#FBC+IF&#%) LF' %$# E 

+%BC+IF&#%) VGFE +,C$# +C+(KE&#%TH. 

 

 

 

!&0*,$ 2: =265! 0670J9J91 56 HFO 

''''''''''''''' '
3$&G &'C IM,FIUC' $+(#FµL (High Frequency Oscillation – HFO) +V$(µLS+&$# µ,$ 
D+&#%) µTFE B,+FE $+(KOKPC (Mean Airway Pressure – mPaw), F&EC 'B',$ 
+B#B('F&,D+&$# µ,$ B+(#'"#%) "#$%Qµ$CFE B,+FEH B('%$D'(#FµTC'I +Q('IH 
(Oscillatory Pressure Amplitude - ;P). IT=Inspiratory Time (/(LC'H 6#FBC')H). 
=$($&E('Qµ+ '&# E µ+&('Qµ+CE B,+FE F&' +KKQH &µ)µ$ &'I %I%-Pµ$&'H µB'(+, C$ 
+,C$# IB'$&µ'FV$#(#%) L&$C E &#µ) &EH ;7 +,C$# µ+K$-Q&+(E $BL &E "#B-GF#$ &#µ) 
&EH mPaw.  
)
)

K$&G &EC +V$(µ'K) HFOV E µTFE B,+FE $+($KOKPC, mPaw, %$D'(,S+&$# $BL 

&'C U+#(#F&) &'I $C$BC+IF&)($ +CP ' $C$BC+Lµ+C'H LK%'H B'I U'()K+,&$# µTFO &EH 

&$-GC&OFEH IB+(&,D+&$# F&EC mPaw. 3$D,F&$&$# T&F# +V#%&) E +V$(µ'K) IME-)H 

µTFEH B,+FEH $+(#Fµ'Q (Mean Pressure) µ+ µ#%(L&+(E µTK#F&E B#TFE (Peak Pressure). 

;,UOH &EC B$('IF,$ &EH ;7, E +V$(µ'K) µLCEH &EH mPaw, D$ $B'&+-'QF+ TC$ 

FQF&Eµ$ +V$(µ'K)H FIC+U'QH D+&#%)H B,+FEH  (Continuous Positive Airway Pressure, 

CPAP). ! *T-&#F&E &#µ) &EH mPaw +N$(&G&$# $BL &#H µEU$C#%TH #"#L&E&+H &'I 

$C$BC+IF&#%'Q FIF&)µ$&'H %$# #"#$,&+($ $BL &EC +-$F&#%L&E&$ [Wood et al 2002]. 



' JQ'

J#$ &EC B$($%o-'QDEFE &EH 'NIKLCOFEH %$&G &EC U()FE HFO  

U(EF#µ'B'#+,&$# ' “"+,%&EH 'NIKLCOFEH” (oxygenation index, 42)  B'I '(,S+&$# OH 

42=mPaw x FiO2/PaO2, %$# FIFU+&,S+# &EC mPaw µ+ &E FIK%TC&(OFE &'I 

+#FBC+Lµ+C'I 'NIKLC'I FiO2 %$# &EC µ+(#%) B,+FE 'NIKLC'I F&' $(&E(#$%L $,µ$ 

(PaO2) [Mehta et al 2004, Fort et al 1997, van Genderingen et al 2002]. 

]BOH F&'C FIµ*$&#%L µEU$C#%L $+(#FµL, T&F# %$# F&'C µEU$C#%L 

$+(#FµL µ+ IME-TH FIUCL&E&+H, E $B'*'-) &'I "#'N+#",'I +N$(&G&$# $BL &'C 

%$&G -+B&L $+(#FµL (minute ventilation, ). 5&' FIµ*$&#%L $+(#FµL ' %$&G 

-+B&L $+(#FµLH B+(#K(GV+&$# $BL &EC +N,FOFE =Vt x f LB'I Vt= 

$C$BC+Lµ+C'H LK%'H, %$# f=$C$BC+IF&#%) FIUCL&E&$. 5&' HFO, E FUTFE $I&) 

K,C+&$# Q=Vt1.5-2.5 x f, LB'I Q ' "+,%&EH +BG(%+#$H &'I $+(#Fµ'Q, FIC+BPH E 

µ+&$*'-) &'I $C$BC+Lµ+C'I LK%'I +BE(+GS+# &EC $B'*'-) &'I "#'N+#",'I µ+ µ) 

K($µµ#%L &(LB' [Fredberg et al 1980, Slutsky et al 1981, Rossing et al 1981, Jarger et 

al 1984, Pillow 2005]. 

4 $C$BC+Lµ+C'H LK%'H, F&' HFO, %$D'(,S+&$# $BL &'C LK%'  &'I $T($ B'I 

+%&'B,S+&$# %$&G &EC %,CEFE &'I +µ*L-'I F&'C $C$BC+IF&)($ %$# $B'&+-+, 

FICG(&EFE &EH ;7 (E 'B',$ +%V(GS+# &' +Q('H &EH &$-GC&OFEH), &EH FIUCL&E&$H f, 

%$DPH %$# &'I +#FBC+IF&#%'Q U(LC'I (%Ti).  H $B'*'-) &'I "#'N+#",'I +-TKU+&$# 

%I(,OH $BL &E ;7, E 'B',$ µ+ &E F+#(G &EH %$D'(,S+&$# µ+ $CG-'KE (QDµ#FE &EH 

#FUQ'H (Power, P) F&'C $C$BC+IF&)($. ! &+-+I&$,$ '(,S+# %$# &E "QC$µE µ+ &EC 

'Bo,$ µ+&$%#C+,&$# &' Tµ*'-' [Derdak et al 2003, Slutsky 1985]. 

>EC $B'*'-) &'I "#'N+#",'I, LµOH +B#(+GS+# %$# E FIUCL&E&$ f, %$DPH $I&) 

+-TKU+# &' U(LC', %$# µ+ &'C &(LB' $I&L %$# &EC $BLF&$FE, %$&G &EC 'B',$ 

µ+&$%#C+,&$# &' Tµ*'-'. 4F' µ#%(L&+(E +,C$# E FIUCL&E&$, &LF' µ+K$-Q&+('H +,C$# ' 

U(LC'H B'I %#C+,&$# &' Tµ*'-', µ+K$-Q&+(E E $BLF&$FE B'I $I&L "#$CQ+#, %$# 

! 

˙ V 

! 

˙ V 



' JR'

µ+K$-Q&+('H ' LK%'H $T($ B'I +%&'B,S+&$# (Vt), +CP LF' $INGC+&$# E FIUCL&E&$, ' 

Vt K,C+&$# µ#%(L&+('H (6#%LC$ 3) [Goldstein et al 1981, Rossing et al 1981, Slutsky et 

al 1981].  

 

 

!&0*,$ 3: 5/65! 5:/14>!>05 f 302 010=164.614: 4J34: Vt 

'

0QNEFE &'I Vt %$# &EH $B'*'-)H "#'N+#",'I µB'('Qµ+ C$ +B#&QU'Iµ+ µ+K$-PC'C&$H 
&' +Q('H &EH &$-GC&OFEH ) +-$&&PC'C&$H &E FIUCL&E&$ f. 
'

'

>T-'H, ' +#FBC+IF&#%LH U(LC'H Ti, +BE(+GS+# µ+ &E F+#(G &'I &EC $B'*'-) 

&'I "#'N+#",'I, %$D'(,S'C&$H &' U('C#%L "#GF&Eµ$, F+ %GD+ $C$BC+IF&#%L %Q%-', 

%$&G &'C 'B',' &' Tµ*'-' %#C+,&$# B('H &$ +µB(LH. ! $QNEFE &'I %Ti +B#"(G %$# 

F&EC mPaw %$# %$&G FICTB+#$ F&EC 'NIKLCOFE, LBOH D$ "'Qµ+ F&E FICTU+#$. 

3$&G &EC +V$(µ'K) HFO, IB$(U+# FU+&#%) «$B'FQC"+FE» &EH 'NIKLCOFEH 

%$# &'I $+(#Fµ'Q, µ+ &EC 'NIKLCOFE C$ +BE(+GS+&$# %I(,OH $BL &EC mPaw %$# &EC 

FiO2 +CP ' $+(#FµLH %$D'(,S+&$# %I(,OH $BL &' B-G&'H (amplitude), &E ;7 %$# &E 

FIUCL&E&$ f &EH &$-GC&OFEH [Chang et al 1984, Drazen et al 1984, Slutsky 1984]. 

'

 

 

 

VIASYS Healthcare, Inc. 

Regulation of stroke volume 

•  The stroke volume will increase if 
–  The amplitude increases (higher delta P)  
–  The frequency decreases (longer cycle time) 

Vt 



' HI'

 

.!/0125.42 .6>0A4705/01>0??0J!5 067291 30>0 >41 
:@25:/14 06725.4 
)

3$&G &E VIF#'-'K#%) $C$BC') $--G %$# &' FIµ*$&#%L µEU$C#%L $+(#FµL, '# 

%Q(#'# VIF#'-'K#%', µEU$C#Fµ', µ+FO &OC 'B',OC +B#&IKUGC+&$# E µ+&$V'(G %$# E 

$C&$--$K) &OC $+(,OC +,C$# E µ$S#%) µ+&$V'(G (bulk flow) %$# E µ'(#$%) "#GUIFE 

(molecular diffusion). 3$&G &'C µEU$C#%L $+(#FµL µ+ HFO F&E "#$"#%$F,$ 

µ+&$V'(GH %$# $C&$--$K)H &OC $+(,OC FIµµ+&TU'IC %$# G--'#' µEU$C#Fµ',, LBOH'

V$,C+&$# F&EC 6#%LC$ 4, +% &OC 'B',OC ' %$D+ TC$H +,C$# +B#%($&TF&+('H F+ 

"#$V'(+&#%) SPCE &'I BC+Qµ'C$. 5&'IH µEU$C#Fµ'QH $I&'QH FIµB+(#-$µ*GC'C&$# E 

µ+&$%,CEFE V'(&,'I $T($ B('H &#H %IM+-,"+H B'I *(,F%'C&$# %'C&G F+ %+C&(#%'QH 

$+($KOK'QH (bulk convection), &' $FQµ+&(' B('V,- &$UI&)&OC (asymetric velocity 

profile) %$# E %$&G µ)%'H "#$FB'(G %$&G Taylor (Taylor dispersion), E $FQKU('CE 

B-)(OFE K+#&'C#%PC %IM+-#"#%PC $+('UP(OC (pendelluft), ' B$(GB-+I('H $+(#FµLH 

K+#&'C#%PC %IM+-,"OC (collateral ventilation), %$# E %$("#'K+C)H µ,NE µ'(,OC $T($ 

F+ B+(#'UTH &'I BC+Qµ'C$ B'I K+#&C#GS'IC µ+ &' µI'%G("#' (cardiogenic mixing) 

[Pillow et al 2005, Scherer ]et al 1982, Taylor et al 1954]. 

 

 

 

 

 

 

 

 

)



' HJ'

!&0*,$ 4: 01>0??0J! 067291 30>0 >4 HFO 
 
)

'
.EU$C#Fµ', µ+&$V'(GH/$C&$--$K)H $+(,OC %$&G &'C $+(#FµL µ+ HFO F+ 
"#$V'(+&#%TH B+(#'UTH &'I $C$BC+IF&#%'Q FIF&)µ$&'H (;+N#G FEµ+#PC'C&$# '# %Q(#'# 
µEU$C#Fµ',) 



' HH'

 
.!/0123! >4: 06725.4: 302 =070.6>742 >4: HFO  

3$&G &'C $+(#FµL HFO E µ+&$V'(G %$# $C&$--$K) $+(,OC +N$(&G&$# 

FEµ$C&#%G $BL &E FIC'-#%) +µBT"EFE (impedance) &'I µEU$C#%'Q %I%-Pµ$&'H %$# 

&'I $C$BC+IF&#%'Q FIF&)µ$&'H. 9H +µBT"EFE '(,S+&$# &' $C'#Fµ$&#%L GD('#Fµ$ &OC 

$C&#F&GF+OC &(#*)H (resistance), +-$F&#%L&E&$H (elastance), %$# $"(GC+#$H (inertance) 

&'I µ+-+&'Qµ+C'I FIF&)µ$&'H. ]F' E +µBT"EFE $INGC+#, &LF' µ+K$-Q&+(+H 

"#$%IµGCF+#H &EH B,+FEH +%$&T(OD+C &EH mPaw $B$#&'QC&$# K#$ &E (') $+(,OC F&'C 

BC+Qµ'C$ [Pillow et al 2005].  

]F'C $V'(G F&EC mPaw, TU+# *(+D+, '&# E &#µ) &EH  +-$&&PC+&$# FEµ$C&#%G 

%$&G µ)%'H &OC &+UCE&PC $+($KOKPC. ! B&PFE $I&) V$,C+&$# BOH +,C$# $CG-'KE &EH 

$C$BC+IF&#%)H FIUCL&E&$H %$# $C&#F&(LVOH $CG-'KE &'I +Q('IH &'I &($U+#'FO-)C$ 

[Venegas et al 1986]. 6B#B(LFD+&$, F+ HFOV %$# FICD)%+H $C'#%&'Q BC+Qµ'C$, +GC 

+B#-+K+,  >#=50% E µ+&$*'-E &EH mPaw %$&G µ)%'H &'I &($U+#'FO-)C$ +,C$# 

$µ+-E&T$ +CP E +B#-'K) Ti=33% +B#VT(+# FEµ$C&#%) B&PFE &EH mPaw, -LKO &EH 

+µVGC#FEH IME-L&+(EH $C&,F&$FEH (')H B'I +B#VT(+# E µ+,OFE &'I %Ti [Pillow et al 

1999, Hatcher et al 1998]. 

5&EC %-#C#%) B(GNE E FIC+U)H (') $T($ (bias flow) FIC)DOH  +B#-TK+&$# 

µ+&$NQ 30-40 L/min +CP E  mPaw &#&-'B'#+,&$# µ+ '"EKL  &E *+-&#F&'B',EFE &'C 

"+,%&E 'NIKLCOFEH (oxygenation index, OI).  5+ µ+-T&E %$&G &EC 'B',$ E mPaw 

+B#-+KL&$C %$&$ 1 cm H2O IME-L&+(E $BL &' FEµ+,' µTK#F&EH %$µBI-L&E&$H &EH 

+%BC+IF&#%)H %$µBQ-EH B,+FEH-LK%'I B$($&E()F$µ+ &$U+,$ %$# FEµ$C&#%) *+-&,OFE 

&EH 'NIKLCOFEH [Metzelopoulos et al 2007]. 6B#FEµ$,C+&$# '&# &' FEµ+,' µ+K#F&EH 

%$µBI-L&E&$H FEµ$&'"'&+, &EC TC$(NE $BP-+#$H &EH %IM+-#"#%)H +B#F&(G&+IFEH 

%$&G &EC +%BC'). XC$H $%Lµ$ &(LB'H C$ +B#-TN+# %$C+,H &EC mPaw *$F#SLµ+C'H F&E 

VIF#'-'K,$ +,C$# µ+ *GFE &' FEµ+,' µTK#F&EH µ+&$*'-)H &EH %$µBI-L&E&$H &EH 



' HS'

+%BC+IF&#%)H %$µBQ-EH B,+FEH-LK%'I, -$µ*GC'C&$H IB’LMEC '&# E mPaw F&EC 

&($U+,$ +,C$# 3-7 cm H2O U$µE-L&+(E $BL &EC &#µ) B'I %$D'(,S'Iµ+ F&'C 

$C$BC+IF&)($ HFO [Albaiceta et al 2004]. 

! FIUCL&E&$ $+(#Fµ'Q f, +BE(+GS+# %# $I&) FEµ$C&#%G LBOH TU'Iµ+ )"E 

$C$VT(+#, &'C $+(#FµL. :ME-L&+(+H FIUCL&E&+H TU'IC OH $B'&T-+Fµ$ &E µ+,OFE &'I 

$C$BC+Lµ+C'I LK%'I %$# &EH $B'*'-)H "#'N+#",'I, FIC"IGS'C&$# OF&LF' µ+ 

µ#%L&+(+H µ+&$*'-TH &EH +C"'%IM+-#"#%)H B,+FEH [Pillow et al 2005]. 4# FIUCL&E&+H 

B'I U(EF#µ'B'#'QC$&# F+ +C)-#%+H $FD+C+,H %Iµ$,C'C&$# µ+&$NQ 3-7 Hz. 5&EC B(GNE 

E $C$BC+IF&#%) FIUCL&E&$ FIC)DOH &#&-'B'#+,&$# FQµVOC$ µ+ &' $B'"+%&L 

$(&E(#$%L pH $--G #"$C#%L D$ )&$C C$ +B#-TK+&$# T&F# PF&+ C$ +-$U#F&'B'#+,&$# &' 

+C"+ULµ+C' B$(+KUIµ$&#%)H BC+Iµ'C#%)H *-G*EH ",UOH C$ B$(+µB'",S+&$# E 

$C&$--$K) &OC $+(,OC. 

! FICD)%E $I&) #%$C'B'#+,&$# L&$C E FIUCL&E&$ &$-GC&OFEH B('F+KK,S+# &E 

FIUCL&E&$ $C&)UEFEH &'I $C$BC+IF&#%'Q FIF&)µ$&'H fo (fo=1/2B_IC, LB'I I E 

$"(GC+#$ %$# C E +C"'&#%L&E&$ &'I $C$BC+IF&#%'Q FIF&)µ$&'H $C&,F&'#U$) +CP µ,$ 

+-GU#F&E FIµB-E(Oµ$&#%) $BLF*+FE &EH ;7 +B#&IKUGC+&$# -,KO B#' BGCO $BL &E 

“FIUCL&E&$ KOC,$H” fc (fc=1/2BRC, LB'I R E $C&,F&$FE &'I $C$BC+IF&#%'Q 

FIF&)µ$&'H) [Fredberg 1980]. 5&' ARDS LB'I E +C"'&#%L&E&$ &'I BC+Qµ'C$ TU+# 

+-$&&OD+, F&' 1/10 &'I VIF#'-'K#%'Q, E  fc IB'-'K,S+&$# '&# +,C$# B+(,B'I 3.2 Hz. 

5&E FIUCL&E&$ $I&) D+O(E&#%G  +B#&IKUGC'Iµ+ %$# &EC  +-GU#F&E $C'µ'#'KTC+#$  

$+(#Fµ'Q [Pillow et al 2005].  

3$# E +B#-'K) &EH ;7 K,C+&$# µ+ F&LU' &' FIC"I$FµL  +BG(%+#$H &'I 

$+(#Fµ'Q %$# +-$U#F&'B',EFEH &OC µ+&$*'-PC &EH B,+FEH F&#H %IM+-,"+H. J#$ &' 

F%'BL $I&L µB'(+, C$ *'ED)F+# E +V$(µ'K) "#$VIK)H $T($ KQ(O $BL &'C 

$+('DG-$µ' &'I &($U+#'FO-)C$ (cuff leak). 0I&) E "#$VIK) "#+I%'-QC+# &' 



' HK'

“NTB-Iµ$” "#'N+#",'I, µB'(+, C$ $IN)F+# &'C $C$BC+Lµ+C' LK%' %$# C$ +-$&&PF+# 

&EC &#µ) $--G %$# &E µ+&$*'-) &EH B,+FEH F&'IH B+(#V+(#%'QH $+($KOK'QH, $%Lµ$ 

%$# µ+&G &EC $B'%$&GF&$FE &EH mPaw F&$ +B,B+"$ B(L &EH "#$VIK)H [Derdak  

2003]. 

5&EC 6#%LC$ 5, V$,C+&$# E "#$%Qµ$CFE &EH B,+FEH $+($KOKPC %$DPH 

$B'F*TC+&$# %$&G &E µ+&$V'(G $+(,OC $BL &'C $C$BC+IF&)($ B('H &#H %IM+-,"+H. ! 

µ+&G"'FE &EH &$-GC&OFEH %$# %$&G FICTB+#$ &EH ;7 F&'IH B+(#V+(#%'QH 

$+($KOK'QH +N$(&G&$# $BL &EC $C$BC+IF&#%) FIUCL&E&$, &'C +#FBC+IF&#%L U(LC', &E 

"#Gµ+&(' &'I +C"'&($U+#$%'Q FO-)C$, %$# &#H µEU$C#%TH #"#L&E&+H &'I 

$C$BC+IF&#%'Q FIF&)µ$&'H. =&PFE &EH +C"'&#%L&E&$H FIC+BGK+&$# $QNEFE &EH 

B+(#V+(#%)H µ+&G"'FEH &EH ;7, +CP $QNEFE &OC $C$BC+IF&#%PC $C&#F&GF+OC F&'IH 

B+(#V+(#%'QH $+($KOK'QH D$ TU+# OH $B'&T-+Fµ$ µ+,OFE &EH µ+&G"'FEH &EH ;7 F&#H 

%IM+-,"+H %$# $INEµTCE µ+&G"'FE F&#H %+C&(#%TH $+('VL(+H '"'QH [Pillow 2005, 

Pillow et al 2001, Pillow et al 2004, van Genderingen et al 2002]. 

 

!&0*,$ 5: .6>0;45! >!5 ;7 

'

! ;7 B'I "Eµ#'I(K+, E &$-$C&O&)H $B'F*TC+&$# %$&G &E µ+&$V'(G $+(,OC $BL &' 
%Q%-Oµ$ &'I $C$BC+IF&)($ B('H &'C &($U+#'FO-)C$ %$# &'IH B+(#V+(#%'QH 
$+($KOK'QHU'
'

are necessary to maintain adequate gas exchange,
patients are at risk of developing ventilator-associated
lung injury.8,9 High-frequency ventilation was first
introduced in the late 1970s as an alternative method of
mechanical ventilation designed specifically to reduce
the complications associated with conventional
mechanical ventilation.

High-frequency ventilation is defined as a delivered
tidal volume that is less than anatomical dead space
and delivered at a high frequency rate (> 120 breaths
per minute for adults, > 150 breaths per minute for
infants and children).  This relationship between dead
space and ventilation was discussed as early as 1915
when Henderson and colleagues theorised that gas
exchange sufficient to support life could be achieved
even at tidal volumes considerably less than dead
space.10-12 However, it was not until the 1970s that
interest in a clinical application of high-frequency
ventilation emerged.  Studies during the 1970s clearly
demonstrated in animal models of acute lung injury
that adequate alveolar ventilation could be achieved
with tidal breaths smaller than anatomical dead space
and accelerated breathing frequencies.12,13 When
ventilating with these extremely small tidal volumes,
peak airway pressures are dramatically reduced leading
to the belief that high-frequency ventilatory approaches
minimise the adverse effects of volutrauma,
barotrauma, and stretch injury associated with
conventional ventilation.14-17

The two most common forms of high-frequency
ventilation are high-frequency jet ventilation (HFJV)
and high-frequency oscillatory ventilation (HFOV).
HFJV is most commonly performed via the Life Pulse
ventilator (Bunnell Inc., Salt Lake City, Utah, USA),
which delivers pulses of gas at a high velocity through
an orifice at a frequency of 240 - 660 breaths per
minute.  The small high-velocity breaths and fast rates
coupled with passive exhalation provide an effective
means for carbon dioxide elimination at reduced peak
inspiratory pressures.  Positive end-expiratory pressure
and ‘sigh’ breaths are provided with a conventional
ventilator used in tandem with the jet ventilator.  Mean
airway pressure during jet ventilation is achieved
indirectly by the manipulation of other ventilatory
parameters.  While the Life Pulse high-frequency jet
ventilator is an effective means for ventilating infants
and small children, it is not FDA approved to support
larger paediatric and adult patients.  

HFOV effectively provides support to infants, children
and adults with acute lung injury.  HFOV allows the
clinician to directly set and manipulate the mean
airway pressure (PAW).  During HFOV, the PAW is set to
achieve an optimal lung volume.  High-frequency
oscillation allows the clinician to open the lung and
keep it open, thus improving outcomes by decreasing
the shear forces associated with the repetitive opening
of collapsed alveoli.18 Tidal volumes (i.e. oscillations)

are then superimposed on the PAW allowing for the
utilisation of higher mean airway pressures at lower
peak airway pressures.  A key concept of high-
frequency ventilation (both oscillation and jet) is that
the swing from maximal to minimal airway pressure is
attenuated as gas flow progresses from the ventilator to
the alveoli (Fig. 1).  This may also be described as an
attenuation of the peak-to-trough swing across the
mean airway pressure.  HFOV is an attractive
alternative to conventional mechanical ventilation for
the respiratory management of a wide range of
critically ill patients with acute lung injury.  

Theory of gas exchange during
HFOV
While the gas exchange mechanisms during
conventional mechanical ventilation are convection
ventilation or ‘bulk flow’, gas exchange during HFOV is
enhanced by other mechanisms.  Even with the small
tidal volumes of HFOV, direct alveolar ventilation may
occur to short path length units that branch from the
primary airways.  However, this only accounts for a
small component of the gas exchange that occurs
during HFOV.  

Molecular diffusion is speculated to be a major
contributor to gas exchange during oscillatory
ventilation.  Molecular diffusion describes gas
exchange across the alveolar-capillary membrane and
contributes to the transport of both oxygen and carbon
dioxide in the gas phase near the membrane.  In 1984,
Slutsky and colleagues11 theorised that the gas
exchange mechanism during HFOV was caused by the
coupled effects of convection and molecular diffusion.
It is speculated that this is due to an increase in
turbulence of the molecules during high-frequency
oscillation.19 In that same year, Chang and colleagues20

determined that a convective mechanism may
predominate with the increased tidal volume at lower
ventilatory rates, while a diffusive mechanism may

S
A

JC
C

16

Ju
ly

 2
00

5,
 V

ol
. 2

1,
 N

o.
 1

PIP vent

P vent

PAW vent

PEEP vent

PEEPalv

PalvV

PAWalv
PIPalv

Fig. 1. Pressure attenuation during HFOV.  The pressure
generated by the high-frequency oscillator attenuates as gas
moves along the oscillator circuit, endotracheal tube, and
conducting airways.  
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' HN'

=6270.0>230 302 3?21230 ;6;4.610 J20 >!1 6A07.4J! HFO 56 
05861625 .6 ARDS 
'

.+-T&+H  F+ B+#($µ$&#%G µ'C&T-$ ARDS TU'IC "+,N+# '&# E U()FE &'I HFO 

µB'(+, C$ +B#&QU+# *+-&,OFE &EH %IM+-#"#%)H +B#F&(G&+IFEH, &EH $C&$--$K)H &OC 

$+(,OC, &EH µEU$C#%)H &'I $+(#Fµ'Q %$# &EH µ'(V'-'K,$H &'I BC+Iµ'C#%'Q 

B$(+KUQµ$&'H %$DPH %$# -#KL&+(' FUEµ$&#FµL I$-,CEH µ+µ*(GCEH, %$# µ+,OFE &EH 

T%V($FEH B('V-+Kµ'CO"PC B$($KLC&OC %$# +C+(K'B',EFEH &OC 'I"+&+('V,-OC F+ 

FUTFE µ+ &' FIµ*$&#%L µEU$C#%L $+(#FµL U$µE-PC LK%OC [Hamilton et al 1983, 

McCulloh et al 1988, Meredith et al 1989, Imai et al 1994, Takata et al 1997, von der 

Hardt et al 2004]. >$ B$($BGCO +(K$F&E(#$%G "+"'µTC$ "+C TU'IC OF&LF' 

+B#*+*$#OD+, F&'C GCD(OB'.  

5+ µ,$ µ+&$$CG-IFE B'I B+(#+-Gµ*$C+ '%&P &IU$#'B'#EµTC+H µ+-T&+H B'I 

$V'('QF$C +C)-#%+H $FD+C+,H %$# B$#"#G µ+ ALI/ARDS *(TDE%+ FEµ$C&#%) µ+,OFE 

&EH DCE&L&E&$H %$# &EH $B'&IU,$H %$&G &EC +V$(µ'K) µEU$C#%'Q $+(#Fµ'Q 

($CD+%&#%) IB'NIK'C$#µ,$, IB+(%$BC,$, IBL&$FE ) *$(L&($Iµ$) F&EC 'µG"$ &OC 

$FD+CPC B'I $+(,S'C&$C µ+ HFO [Sud et al 2010]. 6B#-BT'C, F+ µ,$ &IU$#'B'#EµTCE 

µ+-T&E, "#$B#F&PDE%+ '&# E +V$(µ'K) FIC+"(#PC HFO-TGI F+ $FD+C+,H µ+ B(P#µ', 

*$(Q ARDS µB'(+, C$ *+-&#PF+# &EC T%*$FE [Mentzelopoulos et al 2012]. 0BL &#H 

B$($BGCO µ+-T&+H +B,FEH KCO(,S'Iµ+ '&# E B$($&+&$µTCE +V$(µ'K) FIµ*$&#%'Q 

$+(#Fµ'Q K#$ B+(#FFL&+(+H $BL 7 EµT(+H B(#C &EC TC$(NE &'I HFO FU+&,S+&$# µ+ 

"IFµ+C) T%*$FE.  

0C&,D+&$ LµOH µ+ &$ B$($BGCO "+"'µTC$, )&$C &$ $B'&+-TFµ$&$ "Q' 

µ+KG-OC B'-I%+C&(#%PC &IU$#'B'#EµTCOC µ+-+&PC K#$ &EC +V$(µ'K) &'I HFO F+ 

$FD+C+,H µ+ B(P#µ' ARDS, FIK%(#&#%G µ+ &EC +V$(µ'K) FIµ*$&#%'Q 

B('F&$&+I&#%'Q µEU$C#%'Q $+(#Fµ'Q (CMV). H µ,$ $BL &#H µ+-T&+H "+C $CT"+#N+ 

"#$V'(G F&EC T%*$FE µ+&$NQ &OC 'µG"OC HFO %$# CMV [Young et al 2013] +CP E 



' HO'

"+Q&+(E, T"+#N+ U+#(L&+(E T%*$FE F&'IH $FD+C+,H &EH 'µG"$H HFO, F&'IH 'B','IH 

FEµ+#PDE%+ $#µ'"IC$µ#%) +B#*G(ICFE %$# $INEµTCE U'()KEFE $KK+#'FIFB$F&#%PC 

V$(µG%OC [Ferguson et al 2013]. >$ "+"'µTC$ $I&G IB'F&E(,S'IC &E U()FE &'I 

HFO F$C D+($B+,$ "#GFOFEH F&' ARDS, +B#FEµ$,C'IC LµOH B$(G--E-$ &E FEµ$F,$ 

&EH FIC+U'QH $#µ'"IC$µ#%)H B$($%'-'QDEFEH %$&G &EC +V$(µ'K) &'I %$# &EC 

$CGK%E $C$D+P(EFEH &OC µTU(# F)µ+($ +V$(µ'SLµ+COC B(O&'%L--OC HFO.  

 

3?2123! 6A07.4J!' 

)
.*A)+2)3% ?&3 &*")*A)+2)3% "#$ HFO 
)
! U()FE &'I HFO B+(#-$µ*GC+# &EC $C&#µ+&PB#FE &EH $C$BC+IF&#%)H $C+BG(%+#$H 

&'I +C)-#%$ F+ B+(#B&PF+#H 'N+,$H "#GUI&EH %IM+-#"#%)H B$D'-'K,$H. HFO 

+V$(µLS+&$# %I(,OH L&$C "+C µB'('Qµ+ C$ B+&QU'Iµ+ #%$C'B'#E&#%) 'NIKLCOFE %$# 

$+(#FµL F+ FICD)%+H B('F&$&+I&#%'Q FIµ*$&#%'Q µEU$C#%'Q $+(#Fµ'Q (B.U. F+ 

PaO2<60 mmHg µ+ FiO2>0.6 %$# PEEP`14 cm!24 )/%$# pH<7.20). 3Q(#+H 

$C&+C"+,N+#H K#$ &' HFO D+O('QC&$# E *$(#G $B'V($%&#%) CLF'H &OC $+($KOKPC %$# 

E +C"'%(GC#$ IBT(&$FE [Thome et al 1998].  

 

.>&5µ#4= 

5IC#F&Pµ+C&+H µTU(# F)µ+($ $(U#%TH  (IDµ,F+#H &'I IM,FIUC'I $C$BC+IF&)($  +,C$# 

'# $%L-'ID+H:  mPaw = 35±5 cmH2O, ;P = 90 cmH2O, FiO2 = 1.0, U(LC'H +#FBC')H 

33%, Bias Flow = 40-60 L/min, %$# FIUCL&E&$  f= 4-5 !z $C pH <7.20, µ+ B(''B&#%) 

$QNEFEH F&$ 6-8 !z +VLF'C &' pH IB+(*$,C+# F&$D+(G &' +B,B+"' &'I 7.20. 0µTFOH 

µ+&G &E F&$D+('B',EFE &'I $+(#Fµ'Q +V$(µLS+&$# /+#(#FµLH 3IM+-#"#%)H 

6B#F&(G&+IFEH (Recruitment Maneuver – RM) $F%PC&$H FIC+U) D+&#%) B,+FE 

$+($KOKPC 45±5 cmH2O K#$ &'I-GU#F&'C 40-45 sec, +VLF'C B$(G--E-$ E µTFE 



' HP'

$(&E(#$%) B,+FE "#$&E(+,&$# >60 mmHg (FIC#F&G&$# B('EK'Qµ+CE "#L(DOFE 

IB''K%$#µ,$H )/%$# U()FE $KK+#FIFB$F&#%PC) %$# "+C +B#FIµ*$,C+# $B'%'(+FµLH 

(B.U. B&PFE &'I 'NIµ+&(#%'Q SpO2 < 85%, ) $(CE&#%) µ+&$*'-) &'I SpO2 %$&G 10% 

$BL &EC &#µ) +%%,CEFEH &EH RM). 0CG-'K$ µ+ &E *$(Q&E&$ &EH "#$&$($U)H &EH 

'NIKLCOFEH %$# &EC +B#&IU,$ () µE) &OC F&LU'I 'NIKLCOFEH, E $(U#%) RM "QC$&$# 

C$ +B$C$-EVD+, 2-3 V'(TH +C&LH &OC B(P&OC 60 min $BL &EC TC$(NE &'I HFO %$# 

%GD+ V'(G C$ $%'-'ID+,&$# $BL $QNEFE &EH mPaw %$&G 1-2 cmH2O. 

4# +BLµ+C+H (IDµ,F+#H &'I $C$BC+IF&)($ +N$(&PC&$# %I(,OH $BL &EC 

+B#&IU,$/"#$&)(EFE B('%$D'(#FµTCOC F&LUOC 'NIKLCOFEH/pH. J+C#%G FIC#F&G&$# E 

B(''"+I&#%) (B.U. 0.05/30-60 min) µ+,OFE/&#&-'B',EFE &'I FiO2 F+ SpO2 = 88-95% 

%$# &OC f, ;P, Bias Flow F+ pH >7.20. O F&LU'H pH "QC$&$# C$ +B#&+IUD+, 

+I%'-L&+($ µ+ &EC +K%$&GF&$FE «"#$VIK)H» F&' +B,B+"' &'I $+('D$-Gµ'I (cuff) 

&'I &($U+#'FO-)C$. ! «"#$VIK)» B('%$-+, B&PFE &EH mPaw %$&G 3-5 cmH2O %$# 

$C&#F&'#U+, F+ $V$,(+FE 1-3 mL $T($ $BL &' cuff. >' cuff B(TB+# C$ "#$&E(+, 

+FO&+(#%) B,+FE >20 mmHg K#$ &EC $B'VIK) +#F(LVEFEH V$(IKK#%PC IK(PC F&EC 

&($U+,$. 6B,FEH, B(#C &EC +K%$&GF&$FE &EH «"#$VIK)H» +V$(µLS'Iµ+ $C$((LVEFE 

F&' F&'µ$&'VG(IKK$.  

6V’LF'C E 'NIKLCOFE %$D,F&$&$# +B$(%)H µ+  FiO2 [0.6, N+%#CGµ+ C$ 

µ+#PC'Iµ+ &E mPaw µ+ (IDµL 1-2 cmH2O/ 8 P(+H. 0µTFOH B(#C &EC %GD+ µ+,OFE 

+V$(µLS'Iµ+ TC$C RM. ! +B#F&('V) F&' FIµ*$&#%L $+(#FµL FIC#F&G&$# L&$C &' 

SpO2 +,C$# 88-95% F+ FiO2 [0.5 %$# mPaw [25 cmH2O [Mehta et al 2004, Mehta et 

al 2001].  

J#$ &EC 'µ$-) +V$(µ'K) HFO U(+#GS+&$# *$D#G $C$#FDEF,$ (Ramsay 

sedation score 5-6), FIC)DOH F+ FIC"I$FµL µ+ C+I('µI!%L $B'%-+#FµL. 4 

&+-+I&$,'H "+C D+O(+,&$# $B$($,&E&'H L&$C "+C B('%$-'QC&$# "#$%IµGCF+#H F&E 



' HQ'

mPaw >5 cmH2O $BL &EC LB'#$ B#D$C) $I&Lµ$&E $C$BC+IF&#%) "($F&E(#L&E&$ &'I 

*$D#G $C$#FDE&'B'#EµTC'I $FD+C'QH.  

'

D)53#53'µ#+ ?&"B ",* )>&5µ#4=  HFO 

4# B+(#FFL&+('# $BL &'IH B+(#'(#Fµ'QH %$&G &E U()FE HFO $B'&+-'QC F&EC 

'IF,$ B+(#'(#FµL &OC FIF%+IPC ($C$BC+IF&)(OC) B$(G &EH &+UC#%)H %$D’+$I&)H. 

5Eµ$C&#%LH B+(#'(#F&#%LH B$(GK'C&$H +,C$# E $"IC$µ,$ IB'F&)(#NEH &EH $I&Lµ$&EH 

$C$BC')H, B'I TU+# OH $B'&T-+Fµ$ $INEµTCE U'()KEFE %$&$F&'-)H %$# µI'UG-$FEH. 

6B,FEH, E T--+#ME (')H %$&’+B,%-#FE %$D#F&G $C$K%$,$ &EC $--$K) F+ FIµ*$&#%L 

$C$BC+IF&)($ B('%+#µTC'I ' $FD+C)H C$ B('UO()F+# F+ $B'K$-$%&#FµL $BL &'C 

µEU$C#%L $+(#FµL [Froese 2006].  

>' +C"+ULµ+C' µ+&G"'FEH -'#µPN+OC µ+ µ#%('F&$K'C,"#$ $BL &#H $+('VL(+H 

'"'QH, TU+# B+(#'(#FD+, FEµ$C&#%G µ+ &EC +V$(µ'K) +#"#%PC +%BC+IF&#%PC V,-&(OC. 

4 %,C"IC'H µ+&G"'FEH LµOH "+C µB'(+, C$ $B'%-+#FD+, L&$C +B#&(TB+&$# "#$VIK) 

$BL &'C $+('DG-$µ' &'I &($U+#'FO-)C$ (cuff leak). 

! $B'IF,$ EUE&#%PC FIC$K+(µPC $BL &'IH B+(#FFL&+('IH $C$BC+IF&)(+H 

%$D#F&G $C$K%$,$ &E FIC+U) %$# B('F+%&#%) B$($%'-'QDEFE &OC +C"+,N+OC &'I 

$C$BC+IF&)($ $BL &' B('FOB#%L &EH µ'CG"$H K+K'CLH B'I FIC&+-+, F&EC $QNEFE 

&'I C'FE-+I&#%'Q VL(&'I. ! +V$(µ'K) HFO U(+#GS+&$# B'--TH V'(TH C$ "#$%LB&+&$# 

-'KO $C$K%PC µ+&$V'(GH &'I $FD+C'QH ) "#+CT(K+#$H #$&(#%PC U+#(#FµPC, B.U 

*('KU'F%LBEFEH. >T-'H %$&G &' HFO "+C +,C$# "IC$&) E U'()KEFE +#FBC+Lµ+COC 

V$(µG%OC [Froese 2006]. 

'
 

 

 



' HR'

.8387#?1%/!$µ<Bµ&"&  

4# +B#B-'%TH %$# &$ FIµ*Gµ$&$ %$&G &EC +V$(µ'K) $+(#Fµ'Q IME-PC 

FIUC'&)&OC +,C$# Lµ'#$ µ+ +%+,C$ &'I FIµ*$&#%'Q µEU$C#%'Q $+(#Fµ'Q. ! %-#C#%) 

&'IH +%")-OFE LµOH, µB'(+, C$ "#$VT(+# F&#H $%L-'ID+H B+(#B&PF+#H: 

1. -:@G;@:?µ:/)8<?µ9J>@:K:F: 4 BC+Iµ'DP($%$H $%Lµ$ %$# IBL &GFE F&' HFO 

µB'(+, C$ µEC +%"E-OD+, µ+ µ+&$*'-TH &EH mPaw %$# ;7 $--G C$ TU+# OH $(U#%) 

+%")-OFE &EC IBL&$FE %$# &EC IB'N$#µ,$. 4# "#$VIKTH $T($ %$&G &E "#G(%+#$ &'I 

HFO µB'(+, C$ +-$&&OD'QC µ+ &EC +V$(µ'K) U$µE-L&+(EH mPaw %$# ;7, 

IME-L&+(OC FIUC'&)&OC %$# *($UQ&+('I +#FBC+IF&#%'Q U(LC'I [Mehta et al 2004]. 

2. $=GP@:QA ;9? ;<R8A;9I :<@:CSC9I: .B'(+, C$ +%"E-OD+, µ+ $BL&'µE GC'"' &EH 

µ+(#%)H B,+FEH &'I CO2 F+ TC$C B('EK'IµTCOH F&$D+(L $FD+C). 5'*$() IB+(%$BC,$ 

µB'(+, +B,FEH C$ +µV$C#FD+, F+ B+(,B&OFE IB+(K-O&&#"#%'Q '#")µ$&'H (B.U. F+ 

+#FBC+IF&#%L TK%$Iµ$) &' 'B',' "+C +B#&(TB+# &E "#$VIK) $T($ $BL &'C $+('DG-$µ' 

&'I &($U+#'FO-)C$ [Derdak 2003]. 

3. +<;:T9MDF ;AF 3% K:H ;AF mPaw: 0BL&'µE GC'"'H &EH ;7 B'I "+C FIC'"+Q+&$# 

$BL µ+&$*'-) &EH mPaw µB'(+, C$ FEµ$&'"'&+, +C"'*('KU#%) "#$FO-)COFE ) 

$QNEFE &OC $C$BC+IF&#%PC $C&#F&GF+OC. .#$ B&PFE  &EH mPaw UO(,H µ+&$*'-) &EH 

;7 $B'&+-+, +%")-OFE CT$H ) +B#"+#C'Qµ+CEH "#$VIK)H $T($ [Derdak 2003]. 

4. $Hµ9O?8:µHKDF <=H=;>E<HF: 0C'"'H &EH %+C&(#%)H V-+*#%)H B,+FEH %$# &EH B,+FEH 

+CFV)COFEH BC+Iµ'C#%PC &(#U'+#"PC µ+ B$(G--E-E B&PFE &EH %$("#$%)H B$('U)H 

TU'IC $C$V+(D+, [Mehta et al 2004]. 

 

8670=6265 5:.=?!79.0>2365 >4: HFO 

)
4 FIC"I$FµLH &'I HFO µ+ &EC B(EC) DTFE ) µ+ &EC B$(G--E-E U'()KEFE 

µ'C'N+#",'I &'I $SP&'I (NO) TU+# *(+D+, '&# *+-&#PC+# &EC 'NIKLCOFE. ! +V$(µ'K) 



' SI'

HFO F&EC B(EC) DTFE $B$#&+, OF&LF' +B#F&$µTCE V('C&,"$ "#L&# +CTU+# &'C %,C"IC' 

µ+&$%,CEFEH &'I &+UCE&'Q $+($KOK'Q ) %$#  $BLV($N)H &'I $BL *QFµ$&$ *('KU#%PC 

+%%(,F+OC. W+-&,OFE &EH 'NIKLCOFEH TU+# "+#UD+, %$# µ+ &' FIC"I$FµL &'I HF4 µ+ 

+C"'&($U+#$%) +µVQFEFE $+(,OC (Tracheal Gas Insufflation-TGI). To HFO-TGI  

+B#&IKUGC+#  *+-&,OFE &'I "+,%&E 'NIKLCOFEH, &EH BC+Iµ'C#%)H B$(G%$µMEH %$# &'I 

%'(+Fµ'Q &'I µ+#%&'Q V-T*#%'Q $,µ$&'H F+ 'NIKLC' F+ FUTFE µ+ &EC +V$(µ'K) µLC' 

HFO [Varkul et al 2001]. 

 

5:1;:05.45 8670=6205 HFO-TGI 

4# Gµ+F+H +B#"(GF+#H &'I HFO-TGI F+ $FD+C+,H µ+ *$(Q B(P#µ' ARDS 

TU'IC µ+-+&ED+, F+ µ,$ B(''B&#%) &IU$#'B'#EµTCE "#$F&$I('Qµ+CE (crossover) 

VIF#'-'K#%) µ+-T&E. 5&E µ+-T&E $I&), &$ $B'&+-TFµ$&$ B(')-D$C $BL 14 $FD+C+,H 

B'I +µVGC#S$C -LK' PaO2/FiO2<150 mmHg %$# F&'IH 'B','IH E "#GKCOFE &'I 

ARDS +,U+ &+D+, F+ "#GF&Eµ$ <72 P(+H. 4# $FD+C+,H -Gµ*$C$C µEU$C#%L $+(#FµL µ+ 

$B-L HFO K#$ 60 -+B&G %$# µEU$C#%L $+(#FµL µ+ FIC"I$FµL HFO-TGI F+ &IU$,$ 

F+#(G. 4# FIC+"(+,+H HFO $%'-'ID'QC&$C %$# TB'C&$C $BL FIµ*$&#%L 

B('F&$&+I&#%L µEU$C#%L $+(#FµL. 3$&G &E "#G(%+#$ &EH µ+-T&EH $I&)H TK#C$C F&'IH 

$FD+C+,H 4 U+#(#Fµ', +B#F&(G&+IFEH. ! µTFE B,+FE $+($KOKPC &TDE%+ 1 cmH2O 

IME-L&+($ $BL &' FEµ+,' µTK#F&EH %$µBI-L&E&$H &EH +%BC+IF&#%)H %$µBQ-EH B,FEH 

LK%'I &'I $C$BC+IF&#%'Q FIF&)µ$&'H.  

' >' HFO-TGI *+-&,OF+ &E FUTFE PaO2/FiO2 FIK%(#&#%G µ+ &' HFO %$# &' 

CMV (174.5 ± 10.4 TC$C&# 136.0 ± 10.0 %$# 105.0 ± 3.7 mmHg $C&,F&'#U$, p<0.05) 

%$# ' "+,%&EH 'NIKLCOFEH *+-&#PDE%+ FIK%(#&#%G µ+ &' HFO (17.1 ± 1.3 vs 22.3 

±1.7, p<0.05). 4 -LK'H PaO2/FiO2 +BTF&(+M+ F&E *$F#%) &#µ) µTF$ F+ 3 P(+H µ+&G 

&' HFO (6#%LC$ 6). 3$&G &E "#G(%+#$ &'I HFO-TGI E %$("#'BC+Iµ'C#%) 



' SJ'

B$(G%$µME %$# ' %'(+FµLH &'I µ+#%&'Q V-+*#%'Q $,µ$&'H *+-&#PDE%$C FIK%(#&#%G 

µ+ &' CMV (0.36 ± 0.01 TC$C&# 0.45 ± 0.01 %$# 77.8% ± 1.2% TC$C&# 71.8% ± 1.3% 

$C&,F&'#U$ p<0.05). >' PaCO2 %$# '# $#µ'"IC$µ#%TH B$(Gµ+&('# "+C +BE((+GF&E%$C 

$BL &' HFO-TGI (6#%LC$ 7). 5IµB+($Fµ$&#%G, F+ $FD+C+,H µ+ B(P#µ', *$(Q ARDS 

E *($UQU('CE +V$(µ'K) HFO-TGI *+-&#PC+# &EC 'NIKLCOFE F+ FUTFE µ+ &' $B-L 

HFO %$# &'C FIµ*$&#%L µEU$C#%L $+(#FµL [Mentzelopoulos et al 2007].  

5+ $FD+C+,H µ+ ARDS o FIC"I$FµLH &$-$C&O&) IME-)H FIUCL&E&$H (HFO) 

%$# &($U+#$%)H +µVQFEFEH $+(,OC (TGI) µB'(+, C$ *+-&#PF+# &EC 'NIKLCOFE µTFO 

&EH $QNEFEH &EH µTFEH &($U+#$%)H B,+FEH Ptr, B'I +B#&IKUGC+# &' TGI. ]&$C 

FIK%(,DE%+ &' $B-L HFO µ+ &' HFO-TGI F&EC ,"#$ Ptr B('%+#µTC'I C$ 

B('F"#'(#F&+, $C &' TGI *+-&#PC+# &EC $C&$--$K) &OC $+(,OC $C+NG(&E&$ $BL &EC 

Ptr, *(TDE%+ '&# &' HFO-TGI-IME-)H Paw TC$C&# &'I HFO-IME-)H Paw +BTV+(+ 

FEµ$C&#%) $QNEFE &'I -LK'I PaO2/FiO2 [µTFE &#µ) ± &IB#%L FVG-µ$ : 281.6 ± 15.1 

TC$C&# 199.0 ± 15.0 mmHg; B'F'F&L $QNEFEH 42%; p< 0.001]. 5&' HFO-TGI-

U$µE-)H Paw F+ FUTFE µ+ &' HFO-U$µE-)H Paw *(TDE%+ +B,FEH IME-'&+('H ' 

-LK'H PaO2/FiO2 (222.8 ± 14.6 TC$C&# 141.3 ± 8.7 mmHg; B'F'F&L $QNEFEH 58%, 

p<0.001).  >' PaCO2 )&$C FEµ$C&#%G U$µE-L&+(' %$&G &' HFO-TGI-IME-)H Paw F+ 

FUTFE µ+ &' HFO-IME-)H Paw (45.3 ± 1.6 TC$C&# 53.7 ± 1.9 mmHg; B'F'F&L 

µ+,OFEH 16%; p=0.037). 5IµB+($Fµ$&#%G, K#$ &' ,"#' +B,B+"' &($U+#$%)H B,+FEH &' 

HFO-TGI +B#&IKUGC+# %$-Q&+(E $C&$--$K) $+(,OC F+ FUTFE µ+ &' $B-L HFO 

(6#%LC$ 8).  

]&$C B('F&,D+&$# F&'C FIµ*$&#%L µEU$C#%L $+(#FµL, &' TGI *+-&#PC+# &EC 

$B'*'-) &'I CO2, $INGC+# &EC FIC'-#%) &+-'+%BC+IF&#%) B,+FE (PEEP) %$# 

+B#&(TB+# &EC µ+,OFE &'I $C$BC+Lµ+C'I LK%'I %$# &OC B#TF+OC $+(#Fµ'Q. >' 

K+K'CLH $I&L µB'(+, C$ *'ED)F+# F&'C µEU$C#%L $+(#FµL $FD+CPC µ+ ARDS B'I "+C 



' SH'

$CTU'C&$# &EC IB+(%$BC,$ -LKO +K%+V$-#%'Q '#")µ$&'H ) µ+&$*'-#%)H 'NTOFEH 

[Mentzelopoulos et al 2010]. 5+ &T&'#$ %-#C#%G F+CG(#$ E +V$(µ'K) HFO-TGI µB'(+, 

C$ $B'"+#UD+, %$&$--E-L&+(E $BL &EC +V$(µ'K) &'I %-$FF#%'Q HFO. 

=+#($µ$&#%G "+"'µTC$ IB'F&E(,S'IC '&# F&$D+(TH ('TH LBOH $I&) B'I $F%+, 

&' TGI +IC''QC &EC B-)(OFE &OC U$µE-L&+(OC (%G&O $BL &EC &($U+,$) B+(#'UPC 

&'I BC+Qµ'C$ [3].  /(EF#µ'B'#)DE%+ $N'C#%) (CT) &'µ'K($V,$ BC+Qµ'C$ K#$ C$ 

B('F"#'(#FD+, +GC &' HFO-TGI *+-&#PC+# &EC +B#F&(G&+IFE &OC U$µE-L&+(OC 

B+(#'UPC &'I BC+Qµ'C$ LB'I E $BP-+#$ $+(#Fµ'Q +,C$# µTK#F&E F&' ARDS, F+ FUTFE 

µ+ &' $B-L HFO. 5&' FQC'-' &'I BC+Iµ'C#%'Q B$(+KUQµ$&'H &' HFO-TGI TC$C&# 

&'I HFO %$# &'I CMV BT&IU+ µ#%(L&+(' B'F'F&L µE $+(#SLµ+C'I BC+Iµ'C#%'Q 

#F&'Q ( µTFE &#µ) ± F&$D+() $BL%-#FE 51.4 ± 5.1% TC$C&# 60.0 ± 2.5% %$# 62.1 ± 

9.0% $C&,F&'#U$; p< 0.04). >' HFO-TGI $QNEF+ &' VIF#'-'K#%G $+(#SLµ+C' 

BC+Iµ'C#%L #F&L F+ FUTFE µ+ &' CMV (p=0.04) %$# &'C V&OUG $+(#SLµ+C' #F&L F+ 

FUTFE µ+ &' $B-L HFO %$# &' CMV (p[0.04) (6#%LC$ 9) %$# *+-&,OF+ &EC 

'NIKLCOFE TC$C&# &'I HFO %$# &'I CMV (p[0.04) [Mentzelopoulos et al 2011]. 
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!&0*,$ 6: 0.65! 6=2;705! >4: HFO-TGI 5>4 ?4J4 PaO2/FiO2 

'

'

>#µTH &'I PaO2/FiO2 %$&G &E "#G(%+#$ &OC "Q' B+(#L"OC &EH µ+-T&EH. CMV, 
FIµ*$&#%LH µEU$C#%LH $+(#FµLH; HFO, IM)FIUC'H &$-$C&O&#%LH $+(#FµLH; TGI, 
&($U+#$%) +µVQFEFE $+(,OC. CMV1 $(U#%TH µ+&()F+#H F+ FIµ*$&#%L µEU$C#%L 
$+(#FµL B'I B($Kµ$&'B'#)DE%$C 24-30 -+B&G B(#C &EC TC$(NE HFO-TGI; 4# 
µ+&()F+#H F+ HFO/HFO-TGI B($Kµ$&'B'#)DE%$C 54-60 -+B&G µ+&G &EC TC$(NE 
HFO/HFO-TGI; CMV 2A %$# CMV 2B +,C$# E "+Q&+(E %$# &(,&E µT&(EFE %$&G &' 
FIµ*$&#%L µEU$C#%L $+(#FµL, B'I B($Kµ$&'B'#)DE%$C µTF$ F+ 30-36 -+B&G %$# 150-
156 -+B&G $C&,F&'#U$ µ+&G &E "#$%'B) &'I HFO. =$('IF#GS+&$# K#$ %GD+ U('C#%) 
B+(,'"' E F+#(G &OC HFO/HFO-TGI. (ABL .+C&S+-LB'I-'H %$# FIC 2007). 

mented by TGI. However, the high-
velocity, turbulent TGI flow may have
enhanced convective gas transport mech-
anisms that predominate in the central
airways, thus improving ventilatory ex-

change of most proximal lung units (6).
In the convection–diffusion zones, TGI
flow may have augmented the asymmetry
in the inspiratory velocity profiles (6).
Asymmetric velocity profiles promote ra-

dial mixing and gas exchange with the
expired alveolar gas (6, 21) and enhance
the airway bifurcation phenomenon (6,
22, 23).

Oxygenation improvement mecha-
nisms of HFO-TGI could have been fur-
ther elucidated if a control group was
included to determine gas exchange ef-
fects of increasing standard HFO Paw by
1–1.5 cm H2O, either by adjusting the
Paw valve or by increasing bias flow (with
flow increment set as the study group’s
TGI flow). If these interventions caused
similar PaO2/FIO2 changes as the addition
of TGI in the study group, the HFO-TGI–
induced oxygenation improvement would
be attributable mainly to the TGI-induced
PEEP effect. However, to detect a 50%
difference in PaO2/FIO2 changes between
the TGI and increased Paw interventions
with an ! of .05 and power of .80, we
would have to enroll 46 patients (i.e., 23
in each group).

If an increased-Paw protocol had been
employed in the present study’s patients,
Paw would have been raised from 26.7 "
0.5 to 28.0 " 0.5 cm H2O during standard
HFO. In ARDS, changes in lung inflation
pressure between the point of maximal
curvature of the expiratory PV curve and
35 cm H2O may not significantly affect
lung aeration (24). However, significant
improvements in PaO2/FIO2 and shunt
fraction (Table 4) should be explained by
concurrent reductions in fractional atel-
ectasis (25, 26), unless an additional
mechanism of gas-exchange improve-
ment is present. In the present study,
TGI-induced lung hyperinflation was
rather minimal to moderate, as there was
no hemodynamic deterioration. In con-
trast to previous data (10), mixed venous
oxygen saturation improved and oxygen
delivery remained stable (Tables 4 and 5).
Consequently, we cannot exclude that ox-
ygenation improvement was due to a con-
current, TGI-induced PEEP effect and
augmentation of HFO-dependent gas
transport mechanisms. Further investi-
gation involving computed tomographic
evaluation of lung aeration is needed.

The unchanged PaCO2 during HFO-
TGI is surprising because TGI and endo-
tracheal tube cuff leak independently re-
duce PaCO2 during HFO (10, 16). In
mongrel dogs with lung injury, TGI flows
of 15 L/min reduced PaCO2 by 28–29%
(10). However, we employed 2.5-times-
lower TGI flows, the effects of which were
not previously evaluated (10). Also, the
present study’s baseline PaCO2 was 34%
lower (Table 4) (10). In dogs, PaCO2 re-

Figure 2. Average inspiratory and expiratory pressure–volume curves obtained before the initiation of
high-frequency oscillation. A, first study period; B, second study period. Bars represent SE; PMC, point
of maximal curvature of the expiratory pressure–volume curve (mean " SE) used for the setting of
mean airway pressure during high-frequency oscillation (see also “Materials and Methods”).

Figure 3. Individual values of PaO2/FIO2 during the two study periods. CMV, conventional mechanical
ventilation; HFO, high-frequency oscillation; TGI, tracheal gas insufflation. CMV1 measurements
during baseline conventional mechanical ventilation were obtained within 24–30 mins before HFO/
HFO-TGI initiation; HFO/HFO-TGI measurements were obtained within 54–60 mins after HFO/HFO-
TGI initiation; CMV-2A and CMV-2B, the second and third measurements during CMV, were obtained
within 30–36 mins and 150–156 mins after HFO discontinuation, respectively. The order of HFO/
HFO-TGI is presented for each study period.

Table 3. High-frequency oscillation settings and adjustments

Paw, cm
H2Oa

Paw Difference,
cm H2Ob

Initial #P,
cm H2O

#P Increase,
cm H2Oc

Initial f,
Hz

f Decrease,
Hzc

First study period 27.3 " 0.7 6.1 " 0.4 72.9 " 3.1 4.9 " 3.8 5.0 " 0.0 0.7 " 0.1
Second study period 26.0 " 0.6 6.1 " 0.4 72.8 " 2.8 6.1 " 4.1 5.0 " 0.0 0.6 " 0.1

Paw, mean airway pressure; #P, oscillatory pressure amplitude; f, oscillation frequency.
aSet at 1 cm H2O above the point of maximal curvature of the respiratory system expiratory

pressure volume curve (see also “Materials and Methods” and Figure 2); brefers to the difference in Paw
between high-frequency oscillation and the preceding conventional mechanical ventilation; cadjust-
ment performed to achieve the preset PaCO2 and arterial pH targets (see also “Materials and Methods”).
Values are mean " SE.
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Figure 4. Results of the preliminary study on distal airway (i.e., carinal) pressure (A); oxygenation (B); mixed venous oxygen saturation (C); and
hemodynamics (D–F). CMV1 and CMV2, conventional mechanical ventilation before and after high-frequency oscillation (HFO), respectively; TGI, tracheal
gas insufflation; 0.3, 0.5, and 0.7 denote TGI flows as fractions of the minute ventilation during CMV1. *p ! .05 vs. CMV1 and CMV2; †p ! .05 vs. HFO;
‡p ! .05 vs. HFO-TGI-0.3; #p ! .05 vs. HFO-TGI-0.5. Statistical analysis was conducted with repeated-measures analysis of variance, followed by the Tukey
test as appropriate. Significance was set at p ! .05. Bars represent SE.
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=+(#V+(#%) (&('B#"#%)) B,+FE $+($KOKPC (0), 'NIKLCOFE (W), %'(+FµLH µ+#%&'Q 
V-+*#%'Q $,µ$&'H (C), %$# $#µ'"IC$µ#%TH µ+&$*-E&TH (D-F). CMV1 %$# CMV2 
FIµ*$&#%LH µEU$C#%LH $+(#FµLH B(#C %$# µ+&G &EC +V$(µ'K) EM)FIUC'I 
&$-$C&O&#%'Q $+(#Fµ'Q (HFO), $C&,F&'#U$; TGI, &($U+#$%) +µVQFEFE $+(,OC; 0.3, 
0.5 %$# 0.7 $C$-'K'QC F&E (') &'I TGI F$C %-GFµ$ &'I %$&G -+B&L $+(#Fµ'Q %$&G 
&'C CMV1. *p< 0.05 TC$C&# &OC CMV1 %$# CMV2; †p <0.05 TC$C&# HFO;  ‡p<0.05 
TC$C&# HFO-TGI-0.3; #p<0.05 TC$C&# HFO-TGI-0.5. ! F&$&#F&#%) $CG-IFE TK#C+ µ+ 
$CG-IFE "#$FB'(GH +B$C$-$µ*$CLµ+COC µ+&()F+OC %$# $%'-'QDOH µ+ "'%#µ$F,$ 
Tukey, $CG-'K$ µ+ &#H +C"+,N+#H. ! F&$&#F&#%) FEµ$F,$ '(,S+&$# $BL &#µ)  p<0.05. 4# 
(G*"'# B$('IF#GS'IC &' &IB#%L FVG-µ$. (ABL .+C&S+-LB'I-'H %$# FIC 2007). 
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FiO2 %-GFµ$ +#FBC+Lµ+C'I O2, CMV FIµ*$&#%LH µEU$C#%LH $+(#FµLH, HFO 
IM)FIUC'H &$-$C&O&#%LH $+(#FµLH, TGI +C"'&($U+#$%) +µVQFEFE $+(,OC, Paw µTFE 
B,+FE $+($KOKPC, CMV pre-/post-high CMV B('/µ+&G HFO-/HFO-TGI-high Paw, 
CMV pre-/post-low CMV B('/µ+&G HFO-/HFO-TGI-low Paw. 4# K+µG&'# (Lµ*'# %$# 
%Q%-'# $C$B$(#F&'QC µTF+H &#µTH %$# '# (G*"'# &IB#%L FVG-µ$. >' a $C$VT(+&$# 
F&EC &#&-'B',EFE &EH Paw F&' HFO/HFO-TGI F+ IME-L&+(' (high Paw) ) 
U$µE-L&+(' +B,B+"' (low Paw) µTFEH &($U+#$%)H B,+FEH.  
*p <0.05 TC$C&# B('EKEDTC&'H CMV. †p <0.05 TC$C&# HFO-high Paw %$# HFO-TGI-
high Paw. §p < 0.05 TC$C&# HFO-high Paw. #p<0.05 TC$C&# HFO-TGI-high Paw. |Vp 
<0.05 TC$C&# HFO-low Paw. ¶p <0.05 TC$C&# HFO- TGI-low Paw. **p = 0.09 TC$C&# 
HFO-low Paw.(ABL .+C&S+-LB'I-'H %$# FIC 2010). a lower value during HFO-TGI-low Paw versus HFO-low

Paw (51.4 ± 1.7 versus 60.0 ± 1.9 mmHg; mean
decrease: 14%; P = 0.09). At both Ptr levels, pHa was
higher during HFO-TGI versus HFO (P\ 0.001) (Fig. 2).
In five patients, the increase in PaO2/FiO2 and decrease in

PaCO2 from HFO to HFO-TGI correlated with the esti-
mated concomitant increase in mean lung volume
(r2 = 0.58–0.71, P B 0.011; ESM, Fig. E5).

Hemodynamics and CO2 elimination

Ventilatory technique did not affect hemodynamics; shunt
fraction was lowest during HFO-TGI-high Paw (Table 3).
During CMV and HFO/HFO-TGI, determinants of met-
abolic rate (e.g., temperature), medication (e.g.,
vasopressors/inotropes), oxygen consumption, respiratory
quotient, cardiac index, and central-venous CO2 concen-
tration remained stable (Table 3; ESM), indicating stable
CO2 production and delivery rate to the lungs. Conse-
quently, changes in PaCO2 reflected changes in CO2

elimination efficiency.

Discussion

HFO-TGI versus HFO resulted in higher PaO2/FiO2 (at
both Ptr levels) and lower PaCO2 (at the higher Ptr level).
HFO-TGI-induced, proportional blood-gas improvements
were comparable between the employed Ptr levels. These
results imply enhanced lung recruitment and/or gas trans-
port, and alveolar ventilation during HFO-TGI [1, 2, 5].

TGI impedes the opposite-directed expiratory flow, thus
exerting a PEEP effect [3]; this explains the higher trough
tracheal pressure, despite a lower Paw setting (Table 2).
TGI-inducedPEEP should increase expiratory lung volume
and driving (i.e., alveolar) pressure, with consequent higher
expiratory flow and less expiratory airway narrowing or
closure [6, 7]. In five patients, the estimated TGI-induced
increases in mean lung volume were explanatory of 58–
71% of the TGI-induced improvements in gas exchange at
both Ptr levels. This suggests that lung recruitment is a
major mechanism of TGI action. An increase in lung vol-
ume augments the axial wall tension of collapsed airways
and facilitates their reopening [8], and decreases the dif-
fusional resistance to gas exchange [1].

Preceding imaging studies [9, 10] showed that, at f
B6 Hz, there is preferential distribution of ventilation in
dependent and basal lung regions. Gas streams created by
oscillatory flows tend to travel with minimal directional
change, favoring lung base filling, since the branching
angles of basal airways are less acute [11]. As steady
flows behave similarly [12], the addition of TGI to HFO
should further enhance lung base aeration, and ventila-
tion–perfusion matching, since the vertical perfusion
gradient is maintained during HFO [13]. Basal lung aer-
ation is augmented as HFO tidal volume (VT) and
corresponding pressure swings increase [9]. Our f and DP
settings correspond to VT of *200 mL [14]. The average,

Fig. 2 Results on gas exchange. FiO2 inspired O2 fraction, CMV
conventional mechanical ventilation, HFO high-frequency oscilla-
tion, TGI tracheal gas insufflation, Paw mean airway pressure, CMV
pre-/post-high CMV preceding/following HFO-/HFO-TGI-high
Paw, CMV pre-/post-low CMV preceding/following HFO-/HFO-
TGI-low Paw. Filled squares diamonds, and circles represent mean
value, and bars represent standard error of the mean. a Refers to the
titration of Paw of HFO/HFO-TGI to either a higher (high Paw) or
lower (low Paw) level of mean tracheal pressure (see also ‘‘Meth-
ods’’ and Fig. 1). *P\ 0.05 versus preceding CMV. !P\ 0.05
versus both HFO-high Paw and HFO-TGI-high Paw.

§P\ 0.05
versus HFO-high Paw.

#P\ 0.05 versus HFO-TGI-high
Paw.

kP\ 0.05 versus HFO-low Paw.
}P\ 0.05 versus HFO-

TGI-low Paw. **P = 0.09 versus HFO-low Paw
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!&0*,$ 9: =16:.4123! 6=25>70>6:5! .6 HFO-TGI 6101>2 0=?4: 

HFO 302 CMV 

' '

>'µTH $N'C#%)H &'µ'K($V,$H %$&P&+(OC B+(#'UPC &'I BC+Qµ'C$ $BL 4 
$C&#B('FOB+I&#%'QH $FD+C+,H (1-4). CMV FIµ*$&#%LH µEU$C#%LH $+(#FµLH, HFO 
$+(#FµLH µ+ &$-$C&O&) IME-)H FIUCL&E&$H, TGI &($U+#$%) +µVQFEFE $+(,OC. 4# 
&'µTH $C&#F&'#U'QC F+ QM'H B+(,B'I 7 +%$&'F&PC %G&O $BL &EC &(LB#"$. 5&'IH 
$FD+C+,H 1 %$# 3 &' $B-L HFO B('EK)DE%+ &'I HFO-TGI. 5&'IH $FD+C+,H 2 %$# 4 &' 
HFO-TGI B('EK)DE%+ &'I HFO. >$ B'F'F&G $C&$C$%-'QC &#H B+(#'UTH µE 
$+(#SLµ+C'I BC+Iµ'C#%'Q #F&'Q. (ABL .+C&S+-LB'I-'H %$# FIC 2011). 

and nonaerated, dependent, lower lung parenchyma
(R2 = 0.30–0.33, P B 0.03).

Discussion

HFO-TGI versus HFO and CMV resulted in a reduced
amount of nonaerated lung tissue below the carina.
During HFO-TGI, poorly aerated tissue increased versus
HFO and CMV, and normally aerated tissue increased
versus CMV. There were concurrent, HFO-TGI-related
improvements in oxygenation and shunt fraction versus
HFO and CMV, and PaCO2 versus CMV. These results
indicate improved lung recruitment and function with
HFO-TGI.

In supine ARDS patients, loss of aeration predomi-
nates in dependent, lower lung regions, because it
increases along both the anteroposterior and cephalocau-
dal axes [6–9]. Proposed mechanisms include reductions
in regional transpulmonary pressure due to external
compression by the heart [7, 8], pleural fluid collections
[8], and abdominal contents [6, 8], and increased super-
imposed pressure exerted by the overlying, edematous
lung tissue [9, 20, 21]. In these regions, ‘‘inflammatory’’
atelectasis (i.e., loss of gas volume with excess tissue
volume/weight) and/or ‘‘compression’’ atelectasis (i.e.,
loss of gas volume without excess tissue volume/weight)
predominate, and threshold opening pressures may range
from *15 to more than 30 cmH2O [6, 21, 22].

In this study, most patients had moderate to severe
hypoxemia during CMV, primary ARDS, and Murray

Fig. 3 Computed tomography
(CT) sections of the lower lung
from four representative
patients (1–4). CMV
conventional mechanical
ventilation, HFO high
frequency oscillation,
TGI tracheal gas insufflation CT
sections correspond to *7 cm
below the carina. In patients 1
and 3 HFO preceded HFO-TGI.
In patients 2 and 4 HFO-TGI
preceded HFO. Percentages
reflect proportions of
nonaerated lung tissue weight
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 ! +V$(µ'K) FIC+"(#PC µEU$C#%'Q $+(#Fµ'Q µ+ &$-$C&O&) IME-)H 

FIUCL&E&$H (High Frequency Oscillation - HFO) F+ FIC"I$FµL µ+ +C"'&($U+#$%) 

+µVQFEFE $+(,OC (Tracheal Gas Insufflation -TGI) %$# U+#(#Fµ'QH +B#F&(G&+IFEH 

(Recruitment Maneuvers – RMs) µ+ F&LU' &EC +B#F&(G&+IFE &'I BC+Iµ'C#%'Q 

B$(+KUQµ$&'H F&$ B-$,F#$ B('F&$&+I&#%'Q FIµ*$&#%'Q µEU$C#%'Q $+(#Fµ'Q 

(Conventional Mechanical Ventilation – CMV), *+-&#PC+# &#H VIF#'-'K#%TH 

B$($µT&('IH $+(#Fµ'Q %$DPH %$# &EC T%*$FE $FD+CPC µ+ FQC"('µ' 'N+,$H 

$C$BC+IF&#%)H "IFB($K,$H (Acute Respiratory Distress Syndrome – ARDS) 

FIK%(#&#%G µ+ &EC +V$(µ'K) µLC' CMV µ$S, µ+ RMs [Mentzelopoulos et al. 2012]. 

8+O(E&#%G, ' FIC"I$FµLH HFO-TGI B$(TU+# TC$ #"$C#%L µ'C&T-' BC+Iµ'C#%)H 

+B#F&(G&+IFEH %$DPH +B#&IKUGC+# +B#F&(G&+IFE K#$ µ+KG-E U('C#%) B+(,'"' (>6 

P(+H), B'I $V'(G +B#-+%&#%G %$&P&+(+H B+(#'UTH &'I BC+Qµ'C$ UO(,H C$ B('%$-+, 

$CG-'KE IB+("#G&$FE &OC B+(#'UPC B'I )"E $+(,S'C&$# [Mentzelopoulos et al. 

2011], +CP B$(G--E-$ U'(EK+,&$# $+(#FµLH µ+ µ#%('QH LK%'IH %$# µ+ FU+&#%G IME-) 

µTFE B,+FE $+($KOKPC (mPaw).  

 .+-T&+H F+ B+#($µ$&LSO$ TU'IC "+,N+# '&# E U()FE IME-PC $C$BC+Lµ+COC 

LK%OC %$# "#$BC+Iµ'C#%PC B#TF+OC %$# &' +B$C$-$µ*$CLµ+C' GC'#Kµ$ %$# %-+,F#µ' 

$F&$DPC BC+Iµ'C#%PC µ'CG"OC %$&G &E "#G(%+#$ &'I µEU$C#%'Q $+(#Fµ'Q 

+B#VT('IC µ+K$-Q&+($ B'F'F&G BC+Iµ'C#%)H *-G*EH B'I +%"E-PC+&$# µ+ +B#"+,COFE 

&'I BC+Iµ'C#%'Q '#")µ$&'H [Corbridge et al. 1990; Dreyfuss et al. 1988; Albert et al 



' KI'

1979] %$# $INEµTC+H &#µTH %I&&$('%#CPC B'I FU+&,S'C&$# µ+ &E V-+Kµ'C), F&' 

*('KU'%IM+-#"#%L T%B-Iµ$ (bronchoalveolar lavage- BAL) [de Prost et al. 2011]. 

XC$ #"$C#%L µ'C&T-' µEU$C#%'Q $+(#Fµ'Q +,C$# +%+,C' %$&G &' 'B',' $B'V+QK+&$# E 

$&+-+%&$F,$ $--G %$# E %IM+-#"#%) IB+("#G&$FE, +CP B$(G--E-$ +B#&IKUGC+&$# %$# 

"#$&E(+,&$# E %$-Q&+(E "IC$&) %IM+-#"#%) +B#F&(G&+IFE. 6B#B-T'C, TU+# *(+D+, '&# 

µ#$ F&($&EK#%) µ+ U$µE-'QH $C$BC+Lµ+C'IH LK%'IH %$# IME-) &+-'+%BC+IF&#%) 

B,+FE B('%$-+, µ+,OFE &OC &#µPC &OC %I&&$('%#CPC %$# #"#$,&+($ &EH IL6 %$# &'I 

$(#Dµ'Q &OC B'-Iµ'(V'BQ(ECOC -+I%'%I&&G(OC F&' BAL $FD+CPC µ+ ARDS 

[Ranieri et al. 1999].  

 5%'BLH &EH B$('QF$H µ+-T&EH +,C$# C$ FIK%(,C+# &EC VIF#'-'K#%) $BGC&EFE 

%$# &'IH "+,%&+H V-+Kµ'C)H F&' BAL µ+&$NQ $FD+CPC B'I -$µ*GC'IC B('F&$&+I&#%L 

CMV µ+ RMs %$# $FD+CPC F&'IH 'B','IH ' CMV FIC"IGS+&$# µ+ FIC+"(,+H HFO-

TGI %$# RMs. ;+C IBG(U'IC B('H &' B$(LC "+"'µTC$ K#$ &E +B,"($FE &'I HFO-TGI 

F&'QH "+,%&+H V-+Kµ'C)H F&' BAL. 0C$µTC'Iµ+ '&# E +V$(µ'K) HFO-TGI D$ 

+B#VT(+# *+-&,OFE &LF' &OC VIF#'-'K#%PC B$($µT&(OC LF' %$# &OC *#'-'K#%PC 

"+#%&PC &'I BAL &OC $FD+CPC µ+ ARDS. 

 

'
05861625 302 .684;42 
 

5&E µ+-T&E, E 'B',$ +,U+ &EC TK%(#FE &EH +B#F&Eµ'C#%)H +B#&('B)H &'I 

C'F'%'µ+,'I «4 6I$KK+-#FµLH» FIµµ+&+,U$C $FD+C+,H µ+&G $BL K($B&) FIC$,C+FE 

&'I FIKK+C#%'Q &'IH B('FPB'I B(P&'I *$Dµ'Q. 4# $FD+C+,H +,U$C B(P#µ' (TC$(NE 

B(#C $BL < 72 P(+H) ARDS [Bernard et al 1994] %$# F'*$(TH "#$&$($UTH F&EC 

'NIKLCOFE &'I $(&E(#$%'Q $,µ$&'H (PaO2/FiO2 <150 mmHg) K#$ B+(#FFL&+(+H $BL 

12 P(+H µ+ PEEP ` 8 cmH2O, %$# *(,F%'C&$C F+ %$&$F&'-) (Ramsay score= 6) %$# 

"#$-+,B'C&$ C+I('µI#%L $B'%-+#FµL µ+  cis-$&($%'Q(#'. 



' KJ'

5&'C =,C$%$ 1 B$('IF#GS'C&$# $C$-I&#%G &$ %(#&)(#$ +#FL"'I %$# 

$B'%-+#Fµ'Q &EH µ+-T&EH. EB#B-T'C, F&EC &+-#%) $CG-IFE FIµB+(#-G*$µ+ %$# 'µG"$ 

+-TKU'I $BL "#$FO-ECOµTC'IH $FD+C+,H B'I *(,F%'C&$C F+ µEU$C#%L $+(#FµL $BL 

µ,$ TOH %$# +B&G EµT(+H %$# "+C +,U$C ARDS. 4# $FD+C+,H $I&', IB+*-)DEF$C F+ 

*('KU'F%LBEFE %$# -)ME *('KU'%IM+-#"#%'Q +%B-Qµ$&'H K#$ "#$KCOF&#%'QH -LK'IH 

µTF$ F&EC B(P&E +*"'µG"$ &EH C'FE-+,$H &'IH F&E .68, %$# ' T-+KU'H "+C $CT"+#N+ 

FEµ$C&#%) B$D'-'K,$ $BL &'C BC+Qµ'C$. 



' KH'

 

)&,$0$' 1: 372>!720 6254;4: 302 0=43?625.4: >!5 .6?6>!5  

372>!720 6254;4: 372>!720 0=43?625.4: 
!-#%,$ 18-75 +&PC EC+(K) ) B(LFV$&E "#$((') $T($ $BL &' 

Eµ#DO(G%#'* 
5Oµ$&#%L *G('H >40 Kg 5'*$() $#µ'"IC$µ#%) $F&GD+#$† 
;#GKCOFE ARDS %$&G &#H B('EK'Qµ+C+H 
72 P(+H 

5'*$() %$("#$%) CLF'H‡ 

6C"'&($U+#$%) "#$FO-)COFE %$# 
µEU$C#%LH $+(#FµLH 

;#GKCOFE /0= ) GFDµ$&'H§ 

5'*$() "#$&$($U) 'NIKLCOFEH: 
PaO2/FiO2 < 150 mmHg K#$ >12 P(+H F+ 
µEU$C#%L $+(#FµL µ+ PEEP` 8 cm H2O 

.E +-+KULµ+CE +C"'%(GC#$ IBT(&$FE¶ 

 /(LC#$ "#Gµ+FE BC+Iµ'C'BGD+#$ 
 W#'M,$ BC+Qµ'C$ ) BC+Iµ'C+%&'µ) %$&G 

&EC &(TU'IF$ +#F$KOK) 
 0C'F'%$&$F&'-)** 
 0"IC$µ,$ $B'K$-$%&#Fµ'Q $BL  B(EC) 

DTFE ) iNO 
 3QEFE 
 1'F'KLC'H B$UIF$(%,$†† 
 5Iµµ+&'U) F+ G--E B$(+µ*$&#%) µ+-T&E 
'
ARDS, ONQ FQC"('µ' $C$BC+IF&#%)H "IFB($K,$H &'I +C)-#%$; FiO2 , %-GFµ$ +#FBC+Lµ+C'I 'NIKLC'I; 
XA=, U(LC#$ $B'V($%&#%) BC+Iµ'C'BGD+#$; iNO, +#FBC+Lµ+C' 'N+,"#' &'I $SP&'I. 
*, >1 FO-)C$H B$('UT&+IFEH $CG Eµ#DO(G%#' µ+ +µµTC'IF$ "#$((') $T($ K#$ >72 P(+H. 
† , 5IF&'-#%) $(&E(#$%) B,+FE <90 mmHg, B$(G &E U'()KEFE IK(PC %$# C'($"(+C$-,CEH F+ FIC+U) 
+C"'V-T*#$ TKUIFE` 0.5 µg/Kg/min. 
‡, 3-GFµ$ +NPDEFEH <40% %$#/) #F&'(#%L BC+Iµ'C#%'Q '#")µ$&'H%$#/) +C+(KLH µI'%$("#$%) 
#FU$#µ,$ ) TµV($Kµ$ &'I µI'%$(",'I. 
§ , =('EK'Qµ+CE C'FE-+,$ K#$ GFDµ$//0=, U(LC#$ D+($B+,$ µ+ %'(&#%'F&+('+#") K#$ GFDµ$//0= %$# 
F+ B+(,B&OFE /0= +B#*+*$#OµTCE U(LC#$ %$&$%(G&EFE CO2 µ+ *$F#%) &#µ) PaCO2 > 50mmHg. 
¶ , 6C"'%(GC#$ B,+FE > 20 mmHg B$(G &EC +V$(µ'K) *$D+#GH %$&$F&'-)H, $C$-KEF,$H, 
IB+('FµO&#%)H D+($B+,$H %$# &#&-'B',EFEH &'I %$&G -+B&L $+(#Fµ'Q µ+ &#µ) PaCO2= 35mmHg. 
**, OV+#-Lµ+CE F+ 1) 'I"+&+('B+C,$, B.U. $(#DµLH B'-Iµ'(V'BQ(ECOC -+I%'%I&&G(OC <1.0 x 103/µL 
µ+&G $BL UEµ+#'D+($B+,$ ) µ+&$µLFU+IFE µI+-'Q &OC 'F&PC K#$ $#µ$&'-'K#%L CLFEµ$, ) 2) D+($B+,$ 
µ+ %'(&#%'F&+('+#") ) %I&&$('F&$&#%G VG(µ$%$ K#$ µE C+'B-$Fµ$&#%L CLFEµ$, ) 3) FQC"('µ' 
+B,%&E&EH $C'F'-'K#%)H $C+BG(%+#$H. 
†† , ;+,%&EH µGS$H FPµ$&'H >40Kg/m2.  



' KS'

!6)A3&'µ9% ",% µ)71",% ?&3 "$6&3#8#+,',  
 

;#+C+(K)F$µ+ µ#$ B(''B&#%) &IU$#'B'#EµTCE µ+-T&E. .+&G &E -)ME K($B&)H 

FIC$,C+FEH '# $FD+C+,H &IU$#'B'#)DE%$C F&EC 'µG"$ B$(Tµ*$FEH (HFO-TGI), ) 

F&EC 'µG"$ +-TKU'I (CMV) FQµVOC$ µ+ µ#$ F+#(G &IU$,OC $(#DµPC. ! 'µG"$ 

B$(Tµ*$FEH T-$*+ FIC+"(,+H HFO-TGI F+ FIC"I$FµL µ+ RMs %$# F&$ 

µ+F'"#$F&)µ$&$ B('F&$&+I&#%L CMV. ! 'µG"$ +-TKU'I T-$*+ B('F&$&+I&#%L CMV 

F+ FIC"I$FµL µ+ RMs (5U)µ$ 1). 4 =,C$%$H 2 B+(#-$µ*GC+# &'I F&LU'IH B'I 

DTF$µ+ K#$ &#H FICD)%+H $+(#Fµ'Q %$&G &E "#G(%+#$ &'I CMV. 3$# F&#H "Q' 'µG"+H 

$FD+CPC "#+C+(K)DE%$C &'I-GU#F&'C &TFF+(#H RMs %$&G &E "#G(%+#$ &'I 24P('I. 

 

 

'#1+$ 1 

 

 5UEµ$&#%) $B+#%LCEFE &'I B(O&'%L--'I &EH µ+-T&EH.

!

!"#$%$&'#()'*+,-()'
./#01-&'1/(/23/4-&'

!

('
5'
6'
/'
0'
$'
7'
$'
"'
)'
#'
)!
!

89:;<=>'?'@AB'

CAD'?'@AB'

'
'
E')*-3+&'

F/(/23/4-&'/0*$%5G/*01HG'1/0'/G/7G+5#(01HG'
7/3/*-(3IG'1/0',JK)'LMN'



' KK'

)&,$0$' 2:  5>70>!J23! 5:.W0>234: .!/01234: 06725.4: (CMV) 

.'C&T-' µEU$C#%'Q $+(#Fµ'Q 6-+KULµ+C'I LK%'I/F&$D+() 
+#FBC+IF&#%) (') 

5&LU'H $C$BC+Lµ+C'I LK%'I (mL/Kg 
PBW)# 

6.0 (5.5-7.5) 

5&LU'H &+-'+#FBC+IF&#%)H B,+FEH cmH2O [ 30, µTK#F&E +B#&(+B&) [ 35## 
5&LU'H $C$BC+IF&#%)H FIUCL&E&$H 
($C$BC'TH/min)/pH 

16-35/7.20-7.45 

?LK'H +#FBC+IF&#%'Q/+%BC+IF&#%L U(LC' 1:2 
5IC"I$Fµ', FiO2 %$# PEEP¶ 40/5-8, 50/8, 60/10, 70/10-14, 80/14, 

90/16, 100/16-20 
5&LU'H PaO2 (mmHg) 60-80 
/+#(#Fµ', +B#F&(G&+IFEH+§ƒ CPAP 45 cmH2O K#$ 40 s 
'
pH, pH $(&E(#$%'Q $,µ$&'H; FiO2, %-GFµ$ +#FBC+Lµ+C'I 'NIKLC'I; PEEP, D+&#%) &+-'+%BC+IF&#%) 
B,+FE; PaO2, µ+(#%) B,+FE 'NIKLC'I F&' $(&E(#$%L $,µ$; CPAP, FIC+U)H D+&#%) B,+FE $+($KOKPC.  
#, K#$ &'IH GC"(+H IB'-'K,S+&$# OH +N)H: 50+(QM'H (cm) -152.4) x 0.91 %$# K#$ &#H KIC$,%+H: 
45.5+(QM'H (cm) -152.4) x 0.91.  
## , B('%+#µTC'I C$ +B#&+IUD'QC '# %$&P&$&'# F&LU'# pH )/%$# PaO2. 5+ $I&TH &#H B+(#B&PF+#H ' 
$C$BC+Lµ+C'H LK%'H )&$C 5.5-6.0 mL/Kg PBW.  
¶ 5+ B+(,B&OFE IBT(*$FEH &OC F&LUOC K#$ &EC 'NIKLCOFE, &#&-'B'#)DE%+ $(U#%G E PEEP µ+ (IDµL 1-
2 cm H2O/P($ %$# F&E FICTU+#$ E FIK%TC&(OFE &'I +#FBC+Lµ+C'I 'NIKLC'I.  
+, F&EC 'µG"$ CMV %GD+ 4-6 P(+H.  
§, F&EC 'µG"$ HFO-TGI U+#(#Fµ', +V$(µLF&E%$C %$&G &E "#G(%+#$ &'I HFO-TGI.  
ƒ, F+ %GD+ B+(,B&OFE B(#C &' U+#(#FµL +B#F&(G&+IFEH +V$(µLF&E%+ B(''NIKLCOFE µ+ FiO2=100% K#$ 
"#GF&Eµ$ ` 5 -+B&G. 
'
'
'
'
!"5&",43?= HFO-TGI 
 
CB', )83'"5B")$',% 8*)$µ#*3?#@ 8&5)46@µ&"#%  
'

J#$ &EC U'()KEFE HFO-TGI U(EF#µ'B'#)F$µ+ &'C $C$BC+IF&)($ HFO 

3100B (Sensormedics, Yorba Linda, CA, USA). 5&LU'H F+ %GD+ FIC+"(,$ )&$C C$ 

$INED+, ' -LK'H PaO2/FiO2 > 150 mmHg µ+ &EC +V$(µ'K) $(U#%G IME-)H µTFEH 

B,+FEH $+($KOKPC (mean airway Pressure-mPaw) %$# F&E FICTU+#$ C$ "#$&E(ED+, E 

*+-&,OFE &EH 'NIKLCOFEH µ+ B$(G--E-E F&$"#$%) µ+,OFE &EH mPaw %$&G 6 cmH2O 

U$µE-L&+($ $BL &EC $(U#%) &EH &#µ). 5&' FU)µ$ 2 B$('IF#GS+&$# ' $-KL(#Dµ'H &'I 

B(O&'%L--'I µEU$C#%'Q $+(#Fµ'Q K#$ &' HFO-TGI. 



' KN'

'#1+$ 2 

 

0-KL(#Dµ'H &'I B(O&'%L--'I $+(#Fµ'Q F&EC 'µG"$ HFO-TGI ("+N#G) %$# F&EC 'µG"$ CMV 

($(#F&+(G). 0BL Mentzelopoulos et al 2011 µ+ &EC G"+#$ &OC FIKK($VTOC. 

CMV at baseline

Randomisation
HFO-TGI groupCMV group

Baseline physiological measurement
Pa,O2/FI,O2 <150 mmHg for >12 consecutive hours

¶

R
ep

ea
t H

FO
-T

G
I s

es
si

on

Yes

Continuation of baseline CMV 
+

RMs (CPAP of 45 cmH2O for 40 s)
performed every 4–6 h#

(days 1–4 after randomisation) 

Days 1–10 after randomisation:
3 sets of physiological measurements
per day, 6 h apart, starting at 09:00 h#

If Pa,O2/FI,O2 <60 mmHg
consider standard HFO,

prone position, iNO

Additional recruitment algorithm
RM
+

Paw HFO-TGI by 2 cmH2O for 1 h
No

No
Yes

No

No

No

No

Yes

Yes

Yes

Yes

Go to stabilisation
period

Maintain settings until
Pa,O2/FI,O2 >150 mmHg

Recurrence of Pa,O2/FI,O2 <150 mmHg
for >12 consecutive hours until day 10

after randomisation

Continue CMV and follow-up as in the CMV group

Suction and reconnection to conventional ventilator
+

RM
+

Resume baseline CMV and determine Pa,O2/FI,O2 
after 6 h¶¶

Weaning period
RM
+

TGI discontinuation over 30 min;
standard HFO for 30 min

+
concurrent determination of Paw and Ptr

Stabilisation period
Part I:    Paw by 1–2 cmH2O·h-1 to 
Paw=initial Paw - 3 cmH2O; Sp,O2 >95%

Pa,O2/FI,O2 >150 mmHgƒ

        Yes
Part II:  RM followed by
   Paw by 1–2 cmH2O·h-1 to 
Paw=initial Paw -6 cmH2O; Sp,O2 >95%

Study intervention failure##

Titrate Paw within 35–45 cmH2O to highest
Pa,O2/FI,O2 and continue HFO with or 
without TGI
Consider prone position and/or iNO
Select combination according to highest
Pa,O2/FI,O2

60 mmHg < Pa,O2/FI,O2 < 150 mmHg

Pa,O2/FI,O2 >150 mmHg

HFO-TGI at Paw 40 cmH2O for 1 h

Repeat previous step as
long as Paw <40 cmH2O

Pa,O2/FI,O2 >150 mmHg

Pa,O2/FI,O2 >150 mmHg

No

No

Pa,O2/FI,O2 >150 mmHgƒ

Pa,O2/FI,O2 >150 mmHgƒ

Pa,O2/FI,O2 >150 mmHgƒ

Yes

Yes

No

Determination of Ptr (baseline CMV)
and connection to high-frequency ventilator

Recruitment period
RM:   CPAP of 45 cmH2O for 40 s
+ HFO:  Initial settings
  Paw adjusted to
  Ptr=Ptr (baseline CMV) + 3 cmH2O
  ∆P=Pa,CO2 (baseline CMV) + 30 cmH2O+

  Oscillation frequency 4.0 Hz+

  I:E 1:2
  Bias flow 30–40 L·min-1

  FI,O2 100%§

+  Cuff leak 3–5 cmH2O
TGI:  50% of V'E of baseline CMV    
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' KO'

E&(#53'µ9% ",% µ1',% 8+)',% &)5&4F4:* (mPaw) 

' XC$H "QF%$µB&'H %$D+&)($H +FO&+(#%)H "#$µT&('I 1.0 mm %$# +NO&+(#%)H 

"#$µT&('I 2.0 mm &'B'D+&)DE%+ "#$ µTF'I &'I &($U+#'FO-)C$ %$&G &E "#G(%+#$ &'I 

FIµ*$&#%'Q µEU$C#%'Q $+(#Fµ'Q. >' µ)%'H &'I %$D+&)($ B('F$(µ'SL&$C T&F# PF&+ 

C$ B('+NTU+# $BL &' G%(' &'I &($U+#'FO-)C$ %$&G 0.5-1.0 cm. 3$&LB#C, 

IB'-'K#SL&$C E µTFE &($U+#$%) B,+FE (Ptr) F&' FIµ*$&#%L µEU$C#%L $+(#FµL 

(Direct218B, Raytech Instruments, Vancouver, Canada), o $FD+C)H FIC"+L&$C µ+ &'C 

$C$BC+IF&)($ HFO %$# K#CL&$C TC$H U+#(#FµLH +B#F&(G&+IFEH. 5&E FICTU+#$ 

+V$(µLS$µ+ "#$((') $BL &'C $+('DG-$µ' &'I &($U+#'FO-)C$ &EH &GNEH &OC 3-5 

cmH2O %$# +%&#µ'QF$µ+ N$CG &EC Ptr. ! mPaw %$&G &'C $+(#FµL µ+ HFO 

&#&-'B'#'QC&$C T&F# PF&+ E Ptr F+ HFO C$ +,C$# IME-L&+(E %$&G 3 cmH2O $BL &EC 

Ptr F+ CMV. .+ &'C &(LB' $I&L, E mPaw F+ HFO )&$C 8-9 cm H2O IME-L&+(E $BL 

&EC mPaw F+ CMV %$DPH E B&PFE &EH mPaw %$&G µ)%'H &'I &($U+#'FO-)C$ L&$C 

+V$(µLS+&$# HFO +,C$# ~ 6 cmH2O [Mentzelopoulos et al 2010].  

 

G*&52,  TGI 

' .+&G &'C %$D'(#FµL &EH mPaw, &' +KKQH G%(' &'I %$D+&)($ FIC"+L&$C µ+ 

('Lµ+&(' %$# IK($C&)($ B'I B$(+,U+ %$D$(L 'NIKLC' F+ D+(µ'%($F,$ "Oµ$&,'I. H 

(') &'I TGI )&$C ,FE µ+ &' 50% &EH &#µ)H &'I %$&G -+B&L $+(#Fµ'Q %$&G &E 

"#G(%+#$ &'I CMV [Nahum et al 1998]. ! TC$(NE TGI B('%G-+F+ GC'"' &EH mPaw 

%$&G 1-2 cm H2O &EC 'B',$ $C&#F&(TM$µ+ B('F$(µLS'C&$H &EC *$-*,"$ mPaw. 

6GC µTF$ F+ 60’-90’ $BL &EC TC$(NE HFO-TGI ' -LK'H PaO2/FiO2 

N+B+(C'QF+ &$ 150 mm Hg &L&+ B('UO('QF$µ+ F&E VGFE F&$D+('B',EFEH. 

;#$V'(+&#%G E VGFE +B#F&(G&+IFEH B$($&+#CL&$C µ+ F&$"#$%) $QNEFE &EH mPaw 



' KP'

TOH L&'I o -LK'H PaO2/FiO2 N+B+(GF+# &$ 150 mmHg ) E mPaw V&GF+# &$ 40 cm 

H2O. ! FiO2 %$&G &E VGFE $I&) B$(Tµ+C+ 100% (5U)µ$ 2). 

'

CB', '"&()5#8#+,',%  

' 3$&G &E "#G(%+#$ &EH VGFEH $I&)H, &EH 'B',$H E +-GU#F&E "#G(%+#$ +,U+ 

%$D'(#F&+, C$ +,C$# 240’, E mPaw +-$&&OCL&$C F&$"#$%G (%$&G 1-2 cmH2O/P($) TOH 

&$ 3 cmH2O %G&O $BL &EC $(U#%) &EH &#µ). 6GC %$&G &EC F&$"#$%) +-G&&OFE &EH 

mPaw o -LK'H PaO2/FiO2 TB+V&+ U$µE-L&+($ $BL &$ 150 mmHg +B$C$-$µ*$CL&$C 

TC$H U+#(#FµLH +B#F&(G&+IFEH %$# E mPaw $IN$CL&$C %$&G 2 cmH2O K#$ 1 P($. 

6VLF'C ' -LK'H PaO2/FiO2 B$(Tµ+C+ >150 mmHg B('UO('QF$µ+ F&E VGFE 

$B'K$-$%&#Fµ'Q (5U)µ$ 2).  

'

CB', &8#4&7&?"3'µ#@  

' 3$&G &E VGFE $I&) K#CL&$C "#$%'B) &'I TGI %$# B('F$(µ'K) &EH mPaw 

F&EC B('EK'Qµ+CE &#µ) &EH µTFO &EH +#"#%)H *$-*,"$H. 4# $FD+C+,H B$(Tµ+C$C F+ 

$+(#FµL µ+ $B-L HFO K#$ 30’ %$# +VLF'C ' -LK'H PaO2/FiO2 B$(Tµ+C+ > 150 mmHg 

' $FD+C)H +BTF&(+V+ F+ µEU$C#%L $+(#FµL µ+ CMV. 5+ B+(,B&OFE +B#"+,COFEH &EH 

'NIKLCOFEH $%'-'ID'QF+ +% CT'I $-KL(#Dµ'H +B#F&(G&+IFEH LBOH V$,C+&$# F&' 

5U)µ$ 2. ! +-GU#F&E "#G(%+#$ &EH FIC+"(,$H HFO-TGI )&$C 6 P(+H. 3(#&)(#' K#$ 

&EC +B$CTC$(NE HFO-TGI )&$C E 'NIKLCOFE (-LK'H PaO2/FiO2 < 150 mmHg K#$ 12 

&'I-GU#F&'C P(+H %$&G &'C $+(#FµL µ+ CMV. 

'

E&"&45&>1%  

 4# $(U#%TH %$&$K($VTH TK#C$C $µTFOH B(#C $BL &EC &IU$#'B',EFE. 4# 

%$DEµ+(#CTH %$&$K($VTH B+(#+-Gµ*$C$C VIF#'-'K#%G %$# +(K$F&E(#$%G "+"'µTC$, 



' KQ'

+B#B-'%TH %$# +%&,µEFE '(K$C#%PC $C+B$(%+#PC. 5&EC $CG-IFE FIµB+(#-G*$µ+ 

+%&LH $BL &#H $(U#%TH, %$# &#H %$&$K($VTH &EH 5EH EµT($H K#$ %GD+ $FD+C), F+ CMV, 

B(#C &E "+Q&+(E -)ME BAL. 6B#B-T'C %$&$K(GVE%+ E T%*$FE F&E .68 %$# E 

T%*$FE F&#H 28 EµT(+H.  

 

0=H, <5#46#?$H)73A3?#@ )?87@µ&"#% (BAL)  

' W('KU'F%LBEFE %$# -)ME *('KU'%IM+-#"#%'Q +%B-Qµ$&'H TK#C$C µ+&G &EC 

&IU$#'B',EFE (EµT($ 1) %$# %$&G &EC EµT($ 5 F+ CMV LBOH TU+# B+(#K($V+,  (Nakos 

et al 1998) $BL "Q' *('KU'F%LB'IH B('%+#µTC'I C$ "#$FV$-#F&+, E FICTB+#$ %$&G &E 

"#$"#%$F,$. =TC&+ FQ(#KK+H µ+ 20 mL VIF#'-'K#%L '(L F+ D+(µ'%($F,$ "Oµ$&,'I 

+KUT'C&$C "#$ µTF'I &'I *('KU'F%'B,'I %$&G B('&,µEFE F&' "+N#L µTF' -'*L ) 

F&'C $(#F&+(L %G&O. >$ B(P&$ 10 mL $C$%&Pµ+C'I IK('Q F&T-C'C&$C K#$ 

%$--#T(K+#+H +CP &' IBL-'#B' FI--+KL&$C F+ B$KOµTCE *('KU#%) B$K,"$. 

0%'-'ID'QF+ "#)DEFE &'I +%B-Qµ$&'H F+ $B'F&+#(OµTCE KGS$, %$# VIK'%TC&(EFE 

(600 x g) K#$ 15 -+B&G F&'IH 4' C. >' IB+(%+,µ+C' IK(L U(EF#µ'B'#)DE%+ K#$ &E 

µT&(EFE &OC *#'UEµ#%PC B$($µT&(OC.  

 

-1"5,', #73?=% 85F")I*,%  

' 4 B('F"#'(#FµLH &EH '-#%)H B(O&+^CEH F&' IB+(%+,µ+C' IK(L TK#C+ µ+ &E 

µTD'"' Lowry [Lowry et al 1951].  

 

-1"5,', E$""&5#?3*:*  

' 4# FIK%+C&(PF+#H &OC IL6, IL8, IL10 0%&#*,CEH-0 %$# A'-#F&$&,CEH F&' 

*('KU'%IM+-#"#%L T%B-Iµ$ µ+&()DE%$C µ+ $C'F'+CSIµ#%) µTD'"' (Quantikine, 

R&D Systems, Minneapolis, MN).  



' KR'

'

-1"5,', &53(µ#@ ?&3 "@8#$ ?$""B5F*  

 ! µT&(EFE &OC %I&&$(#%PC B-EDIFµPC %$# ' %$D'(#FµLH &'I %I&&$(#%'Q 

&QB'I TK#C+ µ+ &EC %$&$µT&(EFE &'I-GU#F&'C 300 %I&&G(OC F+ VIK'%+C&(EµTC$ 

B$($F%+IGFµ$&$ µ+&G $BL U(PFE May Grumwald-Giemsa. 

 

!"&"3'"3?= &*B7$',  

 4 F&$&#F&#%LH T-+KU'H "#+C+(K)DE%+ µ+ &' F&$&#F&#%L B$%T&' SPSS 20.0 

(SPSS, Chicago, IL). XK#C$C µE B$($µ+&(#%', T-+KU'# %$# &$ $B'&+-TFµ$&$ 

B$('IF#GS'C&$# F$C "#Gµ+FE &#µ) (+C"'&+&$(&Eµ'(#$%L +Q('H). ! $CG-IFE #FUQ'H 

B'I TK#C+ µ+ *GFE "Eµ'F#+IµTC$ "+"'µTC$ [Papazian et al 2005] $CT"+#N+ '&# 

U(+#GS+&$# C$ FIµB+(#-EVD'QC &'I-GU#F&'C 10 $FD+C+,H F+ %GD+ 'µG"$ K#$ C$ 

$C$"+#UD+, µ+&$*'-) F&' -LK' PaO2/FiO2 &EH &GNEH &OC 70 mmHg, B('aB'DT&'C&$H 

$µV,B-+I(' T-+KU', µ+ +B,B+"' FEµ$C&#%L&E&$H $=0.05 %$# #FUQ  *= 0.80. >'IH 

F&$&#F&#%'QH +-TKU'IH $%'-'QDEF+ "#L(DOFE K#$ B'--$B-TH FIK%(,F+#H µ+ &E 

µTD'"' FDR (False Discovery Rate) [Storey 2002]. 

'
'
0=4>6?65.0>0 
 
 J#$ &E µ+-T&E +%&#µ)DE%$C $(U#%G 57 $FD+C+,H µ+ ARDS. 0BL $I&'QH 

%(,DE%$C %$&G--E-'# FQµVOC$ µ+ &$ %(#&)(#$ %$# *('KU'F%'B)DE%$C &EC B(P&E 

EµT($ 38, +% &OC 'B',OC '# 22 '-'%-)(OF$C &' B(O&L%'--'. >$ U$($%&E(#F&#%G 

&OC $FD+CPC B'I &IU$#'B'#)DE%$C F&#H "Q' 'µG"+H V$,C'C&$# F&'C =,C$%$ 3. 4%&P 

$FD+C+,H "+C IB+*-)DEF$C F+ "+Q&+(E *('KU'F%LBEFE "#L&# $B+*,OF$C %$# G--'# 

'%&P "+C *('KU'F%'B)DE%$C -LKO F'*$()H +B#"+,COFEH &EH 'NIKLCOFEH &EC 

BTµB&E EµT($ &EH µ+-T&EH. 



' NI'

)&,$0$' 3 :  /0703>!725>230  0586191 '

 

=5W: =('*-+BLµ+C' 5Oµ$&#%L WG('H 
=$('IF#GS+&$# E "#Gµ+FE &#µ) %$# &' +C"'&+&$(&Eµ'(#$%L +Q('H. 
;+C IBG(U'IC F&$&#F&#%G FEµ$C&#%TH "#$V'(TH F&#H "Q' 'µG"+H 
 

'
 
.8+A5&', "#$ HFO-TGI '",* #2$49*F', ?&3 '", µ,6&*3?= "#$ &*&8*)$'"3?#@ 
'$'"=µ&"#%  
 

5&' FQC'-' &OC $FD+CPC B'I '-'%-)(OF$C &E µ+-T&E, E 'µG"$ $FD+CPC B'I 

T-$*+ HFO-TGI +µVGC#F+ FEµ$C&#%) *+-&,OFE F&' -LK' PaO2/FiO2 %$# F&' "+,%&E 

'NIKLCOFEH µ+&$NQ &EH B(P&EH %$# &EH BTµB&EH EµT($H, +CP $CG-'KE FEµ$C&#%) 

 4.0;0 CMV 4.0;0 HFO-TGI 

0728.45 0586191 18 20 

!?2320 (X&E) 62.5 (38.3-75.0) 50.5(36.3-68.5) 

A:?4 (b((+C/8)-I) 10/1 8/3 

=74W?6=4.614 59.0>234 W0745 (Kg) 65.9 (59.6-70.5) 70.5 (59.4-73.6) 

SAPS II 6250J9J!5 5>! .68 44 (34-55) 40 (33-51) 

SOFA 6250J9J!5 5>! .68 10 (9-11) 11 (10-12) 

SOFA KATA THN E254;4 5>! .6?6>! 10 (9-11) 11 (10-12) 

ALI 30>0 >!1 6254;4 5>! .6?6>! 3.0 (2.7-3) 3.0 (2.6-3.3) 

=79>4=0865 ARDS ($(#DµLH $FD+CPC) 8 9 

02>24 ARDS   
145434.6203! =16:.4120 5 4 

=16:.4120 >!5 34214>!>05 2 1 

=16:.4120 0=4 62574A!5! 1 2 

=16:.412365 8?05625 3 5 

61;4342?203! 5!@! 3 2 

010=164.6145 4J345 30>0 >!1 6254;4 5>! .6?6>! (mL/Kg =5W) 6.9 (6.5-7.0) 7.6 (6.5-8.1) 

010=16:5>23! 5:/14>!>0 ($C$BC'TH %$&G -+B&L) 28 (25-30) 25 (22-29) 

>6?4625=16:5>23! =265! 30>0 >!1 6254;4 5>! .6?6>! (cmH2O) 28 (25.3-28.7) 29.0 (26.5-30.7) 

>6?463=16:5>23! =265! 30>0 >!1 6254;4 5>! .6?6>! (PEEPtot/ cmH2O) 12.0 (11.0-15.0) 14.5 (11.5-15.0) 

.65! =265! 0670J9J91 30>0 >!1 6254;4 5>! .6?6>! (cmH2O) 18.0 (16.6-22.0) 21.0 (19.1-22.1) 

61;4>234>!>0 010=/34: 5:5>!.0>45 30>0 >!1 6254;4 5>! .6?6>! 
(mL/cmH2O) 

33.3 (32.0-45.0) 35.0 (43.7-25.6) 

PaO2/FiO2 30>0 >!1 6254;4 5>! .6?6>! (mmHg) 127 (115-149) 126 (86-144) 

PaCO2 30>0 >!1 6254;4 5>! .6?6>! (mmHg) 46.6 (40.4-53.4) 44.3 (34.9-54.0) 

.65! 07>!7203! =265! (mmHg) 73 (69-89) 81 (78-93) 

307;203! 5:/14>!>0 (B$-µ', $CG -+B&L) 90 (86-104) 90 (85-91) 

361>723! A?6W23! =265! (mmHg) 11.0 (8.0-13.0) 11.5 (10.3-13.0) 

34765.45 361>7234: A?6W234: 02.0>45 % 75 (70-80) 79 (74-84) 

1470;7610?21! (µg/Kg/min) 0.1 (0.02-0.14) 0.05 (0.00-0.16) 



' NJ'

*+-&,OFE "+C B$($&E()DE%+ F&EC 'µG"$ B'I T-$*+ FIµ*$&#%L µEU$C#%L $+(#FµL 

(=,C$%$H 4). ! +C"'&#%L&E&$ &'I $C$BC+IF&#%'Q FIF&)µ$&'H +B,FEH *+-&#PDE%+ 

F&EC 'µG"$ B'I T-$*+ HFO-TGI, +CP F&EC 'µG"$ CMV +B#"+#CPDE%+ µ+&$NQ &OC 

µ+&()F+OC µ+ $B'&T-+Fµ$ &EC 5E EµT($ C$ IBG(U+# F&$&#F&#%G FEµ$C&#%) "#$V'(G 

µ+&$NQ &OC "Q' 'µG"OC (p<0.03).  

 

.8+A5&', "#$ HFO-TGI '"3% &3µ#A$*&µ3?1% µ)"&<7,"1%  

 ;+C B$($&E()DE%$C F&$&#F&#%G FEµ$C&#%TH "#$V'(TH µ+&$NQ &OC 'µG"OC 

F&#H $#µ'"IC$µ#%TH B$($µT&('IH, F&' #F'SQK#' &OC IK(PC %$# F&E "LFE &OC 

$KK+#'FIFB$F&#%PC (=,C$%$H 4).  



' NH'

)&,$0$' 4: A:524?4J2365 .6>0W?!>65, 02.4;:10.23! 
:=45>!72<! 302 63>2.!5! 47J012391 016=0736291 30>0 >25 
!.6765 >!5 ;62J.0>4?!@205  
'
'

 !.670 1 !.670 5 
0728.45 0586191 CMV 11 11 
 HFO-TGI 11 11 
010=164.6145 4J345  (L/Kg PBW) CMV 6.9 (6.7-7.2) 6.9 (6.6-7.1) 

HFO-TGI 7.6 (6.5-8.1) 7.6 (6.5-8.3) 
010=16:5>23! 5:/14>!>0 (1/min) CMV 28 (25-30) 29 (28-30) 

HFO-TGI 25 (22-32) 28 (25-32) 
.65! =265! 0670J9J91 (mmHg) CMV 17.4 (16.6-21.6) 17.9 (15.9-21.0) 

HFO-TGI 21.0 (19.3-22.3)  19.3 (18.3-19.7) # 
>6?4625=16:5>23! =265! (mmHg) CMV 26.0 (25.0-28.0) 26.0 (25.0-29.0) 

HFO-TGI 30.0 (27.5-30.7)  26.0 (24.5-26.7) # 
>6?463=16:5>23! =265! (mmHg) CMV 12.0 (11.0-14.5) 12.0 (10.0-14.5) 

HFO-TGI 14.5 (13.0-15.0)  15.0 (14-16.8)  
61;4>234>!>0 010=16:5>234: 5:5>!.0>45 
(mL/cmH2O) 

CMV 34.2 (32.0-45.3)  33.2 (31.0-36.0) # 

HFO-TGI 35.0 (27.0-41.7)  43.8 (33.8-54.1) # § 
PaO2/FiO2 (mmHg) CMV 127 (115-150) 132 (115-159) 

HFO-TGI 135 (98-144)  157 (113-180) # 
;623>!5 4<:J4195!5 CMV 14 (12-17) 13 (11-16) 

HFO-TGI 15 (14-18)  12 (11-16) # 
PaCO2 (mmHg) CMV 48.7 (45.7-54.2) 49.0 (38.7-50.9) 

HFO-TGI 45.1 (40.0-54.0) 45.0 (38.9-55.0) 
.65! 07>!7203! =265! (mmHg) CMV 76 (69-90) 75 (73-86) 

HFO-TGI 87 (80-97) 80 (73-90) 
361>723! A?6W23! =265! (mmHg) CMV 11 (9-13) 12 (10-12) 

HFO-TGI 12 (11-13) 12 (11-15) 
307;203! 5:/14>!>0 (B$-µ', $CG -+B&L) CMV 90 (89-102) 90 (84-96) 

HFO-TGI 90 (85-90) 90 (85-100) 
307;20345 ;623>!5 (L/min/m2) CMV 4.5 (3.9-4.6) 4.0 (3.6-4.1) 

HFO-TGO 4.0 (3.1-4.5) 3.5 (2.8-4.1) 
34765.45 361>7234: A?6W234: 02.0>45 (%) CMV 80 (70-80) 75 (75-80) 

HFO-TGI 78 (75-83) 77 (72-79) 
254R:J24 :J791 (L/24h) CMV 2.1 (0.8-3.6) 1.2 (0.6-2.5) 

HFO-TGI 2.3 (1.2-3.6) 1.1 (0.6-2.4) 
1470;7610?21! (µg/Kg/min) CMV 0.05 (0.01-0.10) 0.05 (0.05-0.09) 

HFO-TGI 0.05 (0.00-0.10) 0.08 (0.04-0.15) 
SOFA   CMV 10 (9-11) 11 (8-12) 

HFO-TGI 11 (10-12) 11 (9-14) 
ALI score CMV 3.0 (2.5-3.5) 3.0 (2.5-3.0) 

HFO-TGI 3.0 (2.5-3.5) 3.0 (2.8-3.0)  
 

=$('IF#GS+&$# E "#Gµ+FE &#µ) %$# &' +C"'&+&$(&Eµ'(#$%L +Q('H. 
# p<0.03 F+ FQK%(#FE µ+ &EC EµT($ 1 F&EC ,"#$ 'µG"$ $FD+CPC (Wilcoxon Signed Rank Test). 
§ p<0.0 F+ FQK%(#FE µ+ &EC 'µG"$ CMV &EC ,"#$ µT($ (Mann-Whitney Test). 
 
 
 
 
 
 

 



' NS'

.8+A5&', "#$ HFO-TGI '"#* &53(µ9 "F* ?$""B5F* ?&3 "3% ?$""&5#?+*)% "#$ BAL  
 
' 4 FIC'-#%LH $(#DµLH %I&&G(OC F&' BAL  %$# ' $(#DµLH &OC 'I"+&+(LV#-OC 

B'-Iµ'(V'BQ(ECOC %$# &OC µ$%('VGKOC )&$C U$µE-L&+('H %$&G &E "+Q&+(E 

µT&(EFE F&EC 'µG"$ CMV F+ FUTFE µ+ &EC 'µG"$ HFO-TGI. >$ +B,B+"$ &EH '-#%)H 

B(O&+^CEH "+C "#TV+($C FEµ$C&#%G F&#H "Q' 'µG"+H 'Q&+ %$# µ+&$NQ &OC µ+&()F+OC 

F&EC ,"#$ 'µG"$ $FD+CPC. (=,C$%$H 6). 4# &#µTH &EH IL6 &EC BTµB&E µT($ µ+&G &EC 

TC$(NE &EH B$(Tµ*$FEH )&$C FEµ$C&#%G ME-L&+(+H F&EC 'µG"$ HFO-TGI F+ FUTFE 

µ+ &EC 'µG"$ CMV. ;+C B$($&E()DE%$C FEµ$C&#%TH "#$V'(TH F&#H F&GDµ+H &EH IL10 

) &EH IL8 F&#H "Q' 'µG"+H. 6B#B-T'C E 0%&#*,CE 0 )&$C U$µE-L&+(E %$&G &E "+Q&+(E 

µT&(EFE F&EC 'µG"$ CMV, $--G LU# F&EC 'µG"$ HFO-TGI LBOH %$# E A'-#F&$&,CE 

(=,C$%$H 6). >T-'H, FEµ$C&#%TH "#$V'(TH F&'C '-#%L $(#DµL %$# &'IH B-EDIFµ'QH 

&OC %I&&G(OC, LF' %$# F&#H &#µTH &EH '-#%)H B(O&+^CEH, &OC #C&+(-+I%#CPC 6 %$# 8 

%$DPH %$# &EH 0%&#*,CEH 0 %$# &EH A'-#F&$&,CEH *(TDE%$C µ+&$NQ &OC $FD+CPC µ+ 

ARDS %$# &EH 'µG"$H +-TKU'I UO(,H ARDS (6#%LC+H 1-9) 



' NK'

)&,$0$' 5: 3:>>072342 =?!8:5.42 5>4 W74J/43:@6?2;234 
63=?:.0 
 

 OMA;0 CMV  
1! .670 

4.0;0 CMV  
5! .670 

4.0;0 HFO  
1! .670 

4.0;0 HFO  
5! .670 

4?2345 0728.45/µL 358 (169-552) 218 (121-268) # 370 (239-469) 348 (219-425) § 
4:;6>674A2?0/µL 152 (91-272) 75 (48-144) # 210 (124-242) 150 (114-232)  § 
% 4:;6>674A2?0 51.2 (44.6-55.4) 45.5 (32.7-52.3) 50.7 (49.5-52.4) 50.7 (48.3-53.8) 
.0374A0J0/µL 185 (67-215) 83 (54-136) # 133 (101-206) 159 (87-191) § 
% .0374A0J0 42.9 (38.9-47.7) 46 (42.1-49.0) 43.6 (41.5-46.9) 44.5 (39.0-47.6) 
?6.A43:>>070/µL 11 (8-27) 15 (7-17) 19 (11-21) 15 (9-19) 
% ?6.A43:>>070 4.6 (3.6-5.6) 4.2 (2.8-14.1) 4.3 (3.6-5.6) 3.4 (2.8-5.7) 
!95!14A2?0/µL 3 (2-5) 2 (2-5) 3 (2-4) 3 (2-4) 
% !95!14A2?0 1.0 (0.6-1.6) 1.3 (0.5-2.0) 0.8 (0.5-1.0) 1.0 (0.5-1.3) 

 
=$('IF#GS+&$# E "#Gµ+FE &#µ) %$# &' +C"'&+&$(&Eµ'(#$%L +Q('H. 
§ p<0.03 TC$C&# &EH 'µG"$H CMV &EC 5E µT($ (Mann Whitney U test). 
# p<0.03 TC$C&# &EH ,"#$H 'µG"$H $FD+CPC &EC 1E EµT($  (Wilcoxon Signed Rank Test). 
 
 
 
)&,$0$' 6: 5>08.65 3:>>07432191 5>4 W74J/43:@6?2;234 
63=?:.0 
'

 OMA;0 CMV 
1! .670 

4.0;0 CMV 
5! .670 

4.0;0 HFO 1! 
.670 

4.0;0 HFO 5! 
.670 

4?23! =79>6c1! (µg/µL) 2.5 (1.5-4.1) 2.8 (1.5-5.2) 3.1 (1.6-6.4) 2.8 (0.9-5.0) 
IL6 (pg/mL BALF) 991 (866-1110) 416 (321-721) # 995 (923-1058) 926 (838-951) § 
IL8 (pg/mL BALF) 6073 (3892-6705) 5762 (2357-6375) 5812 (4088-6637) 4845 (3986-5908) 
IL10 (pg/mL BALF) 11.5 (11.0-11.8) 10.9 (10.6-24.4) 12.6 (10.9-17.5) 11.6 (10.8-24.4) 
03>2W21! 0 (pg/mL BALF) 1375 (693-1787)  621 (228-1147) # 838 (408-1716) 1056 (622-1556) 
A4?25>0>21! (pg/mL BALF) 221 (95-584)  84 (60-315) # 325 (109-582)  265 (79-520)  

'
=$('IF#GS+&$# E "#Gµ+FE &#µ) %$# &' +C"'&+&$(&Eµ'(#$%L +Q('H. 
§ p<0.03 TC$C&# &EH 'µG"$H CMV &EC 5E µT($ (Mann Whitney U test). 
# p<0.03 TC$C&# &EH ,"#$H 'µG"$H $FD+CPC &EC 1E EµT($  (Wilcoxon Signed Rank Test). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



' NN'

!&0*,$ 1: 0728.45 3:>>0791 5>4 BAL 
 

 
 
 
 
control: 4µG"$ $FD+CPC UO(,H ARDS 
CMVa: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC FIµ*$&#%L 
µEU$C#%L $+(#FµL, 1E -)ME. 
CMVb: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC FIµ*$&#%L 
µEU$C#%L $+(#FµL, 2E -)ME. 
HFO-TGIa: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC µEU$C#%L 
$+(#FµL µ+ HFO-TGI, 1E -)ME. 
HFO-TGIb: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC µEU$C#%L 
$+(#FµL µ+ HFO-TGI, 2E -)ME. 
 
=$('IF#GS+&$# E "#Gµ+FE &#µ) %$# &' +C"'&+&$(&Eµ'(#$%L +Q('H. 4# µBG(+H 
"+,UC'IC &EC +-GU#F&E/µTK#F&E µT&(EFE B'I $BTU+# $BL &' 1'/3' &+&$(&EµL(#' 
$C&,F&'#U$ -#KL&+(' $BL 2 +C"'&+&$(&Eµ'(#$%G +Q(E. 
 
* 5&$&#F&#%G FEµ$C&#%) "#$V'(G TC$C&# &EH 'µG"$H +-TKU'I (control) (Mann 
Whitney U test). 
# 5&$&#F&#%G FEµ$C&#%) "#$V'(G µ+&$NQ B(P&EH %$# "+Q&+(EH -)MEH F&EC ,"#$ 
'µG"$ $FD+CPC (Wilcoxon Signed Ranks test). 
§ 5&$&#F&#%G FEµ$C&#%) "#$V'(G %$&G &E "+Q&+(E -)ME µ+&$NQ &OC 'µG"OC CMV 
%$# HFO-TGI (Mann Whitney U test). 



' NO'

!&0*,$ 2: 0728.45 .0374A0J91 5>4 BAL 
 
 

 

control: 4µG"$ $FD+CPC UO(,H ARDS 
CMVa: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC FIµ*$&#%L 
µEU$C#%L $+(#FµL, 1E -)ME. 
CMVb: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC FIµ*$&#%L 
µEU$C#%L $+(#FµL, 2E -)ME. 
HFO-TGIa: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC µEU$C#%L 
$+(#FµL µ+ HFO-TGI, 1E -)ME. 
HFO-TGIb: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC µEU$C#%L 
$+(#FµL µ+ HFO-TGI, 2E -)ME. 
 
=$('IF#GS+&$# E "#Gµ+FE &#µ) %$# &' +C"'&+&$(&Eµ'(#$%L +Q('H. 4# µBG(+H 
"+,UC'IC &EC +-GU#F&E/µTK#F&E µT&(EFE B'I $BTU+# $BL &' 1'/3' &+&$(&EµL(#' 
$C&,F&'#U$ -#KL&+(' $BL 2 +C"'&+&$(&Eµ'(#$%G +Q(E. 
 
 
* 5&$&#F&#%G FEµ$C&#%) "#$V'(G TC$C&# &EH 'µG"$H +-TKU'I (control) (Mann 
Whitney U test). 
# 5&$&#F&#%G FEµ$C&#%) "#$V'(G µ+&$NQ B(P&EH %$# "+Q&+(EH -)MEH F&EC ,"#$ 
'µG"$ $FD+CPC (Wilcoxon Signed Ranks test). 
§ 5&$&#F&#%G FEµ$C&#%) "#$V'(G %$&G &E "+Q&+(E -)ME µ+&$NQ &OC 'µG"OC CMV 
%$# HFO-TGI (Mann Whitney U test). 



' NP'

EIKONA 3: 0728.45 4:;6>674A2?91 5>4 BAL 
 

 
control: 4µG"$ $FD+CPC UO(,H ARDS 
CMVa: 4µG"$ $FD+CPC ARDS B'I &IU$#'B'#)DE%$C C$ -G*'IC FIµ*$&#%L 
µEU$C#%L $+(#FµL, 1E -)ME. 
CMVb: 4µG"$ $FD+CPC ARDS B'I &IU$#'B'#)DE%$C C$ -G*'IC FIµ*$&#%L 
µEU$C#%L $+(#FµL, 2E -)ME. 
HFO-TGIa: 4µG"$ $FD+CPC ARDS B'I &IU$#'B'#)DE%$C C$ -G*'IC µEU$C#%L 
$+(#FµL µ+ HFO-TGI, 1E -)ME. 
HFO-TGIb: 4µG"$ $FD+CPC ARDS B'I &IU$#'B'#)DE%$C C$ -G*'IC µEU$C#%L 
$+(#FµL µ+ HFO-TGI, 2E -)ME. 
 
=$('IF#GS+&$# E "#Gµ+FE &#µ) %$# &' +C"'&+&$(&Eµ'(#$%L +Q('H. 4# µBG(+H 
"+,UC'IC &EC +-GU#F&E/µTK#F&E µT&(EFE B'I $BTU+# $BL &' 1'/3' &+&$(&EµL(#' 
$C&,F&'#U$ -#KL&+(' $BL 2 +C"'&+&$(&Eµ'(#$%G +Q(E. 
 
* 5&$&#F&#%G FEµ$C&#%) "#$V'(G TC$C&# &EH 'µG"$H +-TKU'I (control) (Mann 
Whitney U test). 
# 5&$&#F&#%G FEµ$C&#%) "#$V'(G µ+&$NQ B(P&EH %$# "+Q&+(EH -)MEH F&EC ,"#$ 
'µG"$ $FD+CPC (Wilcoxon Signed Ranks test). 
§ 5&$&#F&#%G FEµ$C&#%) "#$V'(G %$&G &E "+Q&+(E -)ME µ+&$NQ &OC 'µG"OC CMV 
%$# HFO-TGI (Mann Whitney U test). 



' NQ'

!&0*,$ 4: 4?23! =79>621! 5>4 BAL 
 

 

'
control: 4µG"$ $FD+CPC UO(,H ARDS 
CMVa: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC FIµ*$&#%L 
µEU$C#%L $+(#FµL, 1E -)ME. 
CMVb: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC FIµ*$&#%L 
µEU$C#%L $+(#FµL, 2E -)ME. 
HFO-TGIa: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC µEU$C#%L 
$+(#FµL µ+ HFO-TGI, 1E -)ME. 
HFO-TGIb: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC µEU$C#%L 
$+(#FµL µ+ HFO-TGI, 2E -)ME. 
 
=$('IF#GS+&$# E "#Gµ+FE &#µ) %$# &' +C"'&+&$(&Eµ'(#$%L +Q('H. 4# µBG(+H 
"+,UC'IC &EC +-GU#F&E/µTK#F&E µT&(EFE B'I $BTU+# $BL &' 1'/3' &+&$(&EµL(#' 
$C&,F&'#U$ -#KL&+(' $BL 2 +C"'&+&$(&Eµ'(#$%G +Q(E. 
 
* 5&$&#F&#%G FEµ$C&#%) "#$V'(G TC$C&# &EH 'µG"$H +-TKU'I (control) (Mann 
Whitney U test). 
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' NR'

!&0*,$ 5: IL6 5>4 BAL 
 
 

 
 
control: 4µG"$ $FD+CPC UO(,H ARDS 
CMVa: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC FIµ*$&#%L 
µEU$C#%L $+(#FµL, 1E -)ME. 
CMVb: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC FIµ*$&#%L 
µEU$C#%L $+(#FµL, 2E -)ME. 
HFO-TGIa: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC µEU$C#%L 
$+(#FµL µ+ HFO-TGI, 1E -)ME. 
HFO-TGIb: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC µEU$C#%L 
$+(#FµL µ+ HFO-TGI, 2E -)ME. 
 
=$('IF#GS+&$# E "#Gµ+FE &#µ) %$# &' +C"'&+&$(&Eµ'(#$%L +Q('H. 4# µBG(+H 
"+,UC'IC &EC +-GU#F&E/µTK#F&E µT&(EFE B'I $BTU+# $BL &' 1'/3' &+&$(&EµL(#' 
$C&,F&'#U$ -#KL&+(' $BL 2 +C"'&+&$(&Eµ'(#$%G +Q(E. 
 
 
* 5&$&#F&#%G FEµ$C&#%) "#$V'(G TC$C&# &EH 'µG"$H +-TKU'I (control) (Mann 
Whitney U test). 
# 5&$&#F&#%G FEµ$C&#%) "#$V'(G µ+&$NQ B(P&EH %$# "+Q&+(EH -)MEH F&EC ,"#$ 
'µG"$ $FD+CPC (Wilcoxon Signed Ranks test). 
§ 5&$&#F&#%G FEµ$C&#%) "#$V'(G %$&G &E "+Q&+(E -)ME µ+&$NQ &OC 'µG"OC CMV 
%$# HFO-TGI (Mann Whitney U test). 



' OI'

!&0*,$ 6: WXQ'+,&'YZX 
'

'
'
control: 4µG"$ $FD+CPC UO(,H ARDS 
CMVa: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC FIµ*$&#%L 
µEU$C#%L $+(#FµL, 1E -)ME. 
CMVb: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC FIµ*$&#%L 
µEU$C#%L $+(#FµL, 2E -)ME. 
HFO-TGIa: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC µEU$C#%L 
$+(#FµL µ+ HFO-TGI, 1E -)ME. 
HFO-TGIb: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC µEU$C#%L 
$+(#FµL µ+ HFO-TGI, 2E -)ME. 
'
=$('IF#GS+&$# E "#Gµ+FE &#µ) %$# &' +C"'&+&$(&Eµ'(#$%L +Q('H. 4# µBG(+H 
"+,UC'IC &EC +-GU#F&E/µTK#F&E µT&(EFE B'I $BTU+# $BL &' 1'/3' &+&$(&EµL(#' 
$C&,F&'#U$ -#KL&+(' $BL 2 +C"'&+&$(&Eµ'(#$%G +Q(E. 
'
* 5&$&#F&#%G FEµ$C&#%) "#$V'(G TC$C&# &EH 'µG"$H +-TKU'I (control) (Mann 
Whitney U test). 
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' OJ'

!&0*,$ 7: WXJI'+,&'YZX 
'
'

 
control: 4µG"$ $FD+CPC UO(,H ARDS 
CMVa: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC FIµ*$&#%L 
µEU$C#%L $+(#FµL, 1E -)ME. 
CMVb: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC FIµ*$&#%L 
µEU$C#%L $+(#FµL, 2E -)ME. 
HFO-TGIa: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC µEU$C#%L 
$+(#FµL µ+ HFO-TGI, 1E -)ME. 
HFO-TGIb: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC µEU$C#%L 
$+(#FµL µ+ HFO-TGI, 2E -)ME. 
'
=$('IF#GS+&$# E "#Gµ+FE &#µ) %$# &' +C"'&+&$(&Eµ'(#$%L +Q('H. 4# µBG(+H 
"+,UC'IC &EC +-GU#F&E/µTK#F&E µT&(EFE B'I $BTU+# $BL &' 1'/3' &+&$(&EµL(#' 
$C&,F&'#U$ -#KL&+(' $BL 2 +C"'&+&$(&Eµ'(#$%G +Q(E. 
 
.+ &'IH %Q%-'IH +B#FEµ$,C'C&$# '# $%($,+H &#µTH. 
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' OH'

!&0*,$ 8: 03>2W21! 0 5>4 BAL 
 
 
 

 
control: 4µG"$ $FD+CPC UO(,H ARDS 
CMVa: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC FIµ*$&#%L 
µEU$C#%L $+(#FµL, 1E -)ME. 
CMVb: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC FIµ*$&#%L 
µEU$C#%L $+(#FµL, 2E -)ME. 
HFO-TGIa: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC µEU$C#%L 
$+(#FµL µ+ HFO-TGI, 1E -)ME. 
HFO-TGIb: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC µEU$C#%L 
$+(#FµL µ+ HFO-TGI, 2E -)ME. 
 
=$('IF#GS+&$# E "#Gµ+FE &#µ) %$# &' +C"'&+&$(&Eµ'(#$%L +Q('H. 4# µBG(+H 
"+,UC'IC &EC +-GU#F&E/µTK#F&E µT&(EFE B'I $BTU+# $BL &' 1'/3' &+&$(&EµL(#' 
$C&,F&'#U$ -#KL&+(' $BL 2 +C"'&+&$(&Eµ'(#$%G +Q(E. 
 
* 5&$&#F&#%G FEµ$C&#%) "#$V'(G TC$C&# &EH 'µG"$H +-TKU'I (control) (Mann 
Whitney U test). 
# 5&$&#F&#%G FEµ$C&#%) "#$V'(G µ+&$NQ B(P&EH %$# "+Q&+(EH -)MEH F&EC ,"#$ 
'µG"$ $FD+CPC (Wilcoxon Signed Ranks test). 
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' OS'

!&0*,$ 9: A4?25>0>21! 5>4 BAL 
'
'

 
 
control: 4µG"$ $FD+CPC UO(,H ARDS 
CMVa: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC FIµ*$&#%L 
µEU$C#%L $+(#FµL, 1E -)ME. 
CMVb: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC FIµ*$&#%L 
µEU$C#%L $+(#FµL, 2E -)ME. 
HFO-TGIa: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC µEU$C#%L 
$+(#FµL µ+ HFO-TGI, 1E -)ME. 
HFO-TGIb: 4µG"$ $FD+CPC ARDS B'I B'I &IU$#'B'#)DE%$C C$ -G*'IC µEU$C#%L 
$+(#FµL µ+ HFO-TGI, 2E -)ME. 
 
=$('IF#GS+&$# E "#Gµ+FE &#µ) %$# &' +C"'&+&$(&Eµ'(#$%L +Q('H. 4# µBG(+H 
"+,UC'IC &EC +-GU#F&E/µTK#F&E µT&(EFE B'I $BTU+# $BL &' 1'/3' &+&$(&EµL(#' 
$C&,F&'#U$ -#KL&+(' $BL 2 +C"'&+&$(&Eµ'(#$%G +Q(E. 
 
* 5&$&#F&#%G FEµ$C&#%) "#$V'(G TC$C&# &EH 'µG"$H +-TKU'I (control) (Mann 
Whitney U test). 
# 5&$&#F&#%G FEµ$C&#%) "#$V'(G µ+&$NQ B(P&EH %$# "+Q&+(EH -)MEH F&EC ,"#$ 
'µG"$ $FD+CPC (Wilcoxon Signed Ranks test). 



' OK'

5:R!>!5! 
 
 >$ $B'&+-TFµ$&G µ$H "+,UC'IC *+-&,OFE &EH 'NIKLCOFEH %$# &OC µEU$C#%PC 

#"#'&)&OC &'I $C$BC+IF&#%'Q FIF&)µ$&'H µ+ &EC +V$(µ'K) FIC+"(#PC HFO-TGI 

F&'IH $FD+C+,H µ+ B(P#µ' ARDS %$# FIµVOC'QC µ+ +%+,C$ B('EK'Qµ+COC  µ+-+&PC 

[Mentzelopoulos et al 2007, Mentzelopoulos et al 2012]. 9F&LF' &LF' ' '-#%LH 

$(#DµLH %I&&G(OC (=,C$%$H 5 %$# 6#%LC$ 1) $--G %$# ' FIC'-#%LH $(#DµLH 

µ$%('VGKOC (=,C$%$H 5 %$# 6#%LC$ 2), 'I"+&+('V,-OC (=,C$%$H 5 %$# 6#%LC$ 3), 

%$DPH %$# &$ +B,B+"$ IL6 F&' BAL (=,C$%$H 5 %$# 6#%LC$ 5) )&$C IME-L&+($ F&'IH 

$FD+C+,H µ+&G &EC +V$(µ'K) HFO-TGI. 6B#B-T'C, &$ +B,B+"$ &EH 0%&#*,CEH 0 %$# 

A'-#F&$&,CEH, +CP µ+#PDE%$C FEµ$C&#%G µ+&$NQ B(P&EH %$# "+Q&+(EH -)MEH F&'IH 

$FD+C+,H &EH 'µG"$H CMV, "+C µ+#PDE%$C $CG-'K$ F&EC 'µG"$ HFO-TGI (=,C$%$H 

6 %$# 6#%LC+H 8 %$# 9) UO(,H LµOH &+-#%G C$ "#$VT('IC FEµ$C&#%G F&#H "Q' 'µG"+H. 

T$ $B'&+-TFµ$&$ $I&G "+C IB'F&E(,S'IC &EC +(+ICE&#%) µ$H IBLD+FE, '&# E 

+V$(µ'K) &'I HFO-TGI +BE(+GS+# +IC'Y%G &E V-+Kµ'CP"E $BGC&EFE %$# "#$VT('IC 

$BL B('EK'Qµ+C+H µ+-T&+H F+ µ'C&T-$ ARDS F&$ 'B',$ E *+-&,OFE &OC 

VIF#'-'K#%PC µ+&$*-E&PC %$&G &EC +V$(µ'K) HFO FIC"I$SL&$C %$# µ+ *+-&,OFE 

&OC *#'-'K#%PC "+#%&PC V-+Kµ'C)H [Imai et al 1994, Rotta et al 2001, Imai et al 

2001, Muellenbach et al 2007].  

 ;Q' B#D$CTH +(µEC+,+H D$ µB'('QF$C C$ +NEK)F'IC &$ $B'&+-TFµ$&$ $I&G: 

1) 4# µ+&()F+#H &OC B$($µT&(OC &'I BAL C$ µEC TU'IC FUTFE µ+ &#H µ+&$*'-TH 

F&EC 'NIKLCOFE %$# F&E µEU$C#%) &'I $+(#Fµ'Q, $--G 'Q&+ %$# µ+ &EC B(LKCOFE 

&OC $FD+CPC, E 'B',$ LBOH +,"$µ+ F+ B('EK'Qµ+CE µ+-T&E *+-&#PDE%+ µ+ &EC 

+V$(µ'K) HFO-TGI [Mentzelopoulos et al 2012], ) 2) E +V$(µ'K) HFO-TGI C$ 

*-GB&+# µ$%('B(LD+Fµ$ &'IH BCTIµ'C+H, B$(G &EC B$($&E('Qµ+CE *+-&,OFE &EH 

'NIKLCOFEH.  



' ON'

5U+&#%G µ+ &E "+Q&+(E +(µEC+,$, &' +C"+ULµ+C' "E-$") E +V$(µ'K) HFO-

TGI C$ *-GB&+# µ$%('B(LD+Fµ$ &'IH BCTIµ'C+H, B$(G &EC B$($&E('Qµ+CE *+-&,OFE 

&EH 'NIKLCOFEH, E µ,$ %$# µLCE FU+&#%) µ+-T&E B'I TU+# "#+N$UD+, µ+ &+-#%L FEµ+,' 

&EC +B#*,OFE, $C$VT(+# F$V) *+-&,OFE &EH $C&$--$K)H $+(,OC, &EH µEU$C#%)H &'I 

$+(#Fµ'Q %$# &EH +B#*,OFEH F&EC 'µG"$ &OC $FD+CPC B'I +V$(µLFDE%+ HFO-TGI. 

>' $B'&T-+Fµ$ $I&L +,C$# B'-Q "#$V'(+&#%L $BL +%+,C$ "Q' B'-I%+C&(#%PC 

&IU$#'B'#EµTCOC µ+-T&OC (Young et al 2013, Ferguson et al 2013) B'I T"+#N$C 

$C&,F&'#U$ &EC ,"#$ %$# U+#(L&+(E +B#*,OFE F&EC 'µG"$ B$(Tµ*$FEH µ+ HFO, -LKO 

%I(,OH $#µ'"IC$µ#%PC +B#B-'%PC %$# $INEµTCEH $CGK%EH F+ $KK+#'FIFB$F&#%G 

(Guervilly et al 2012, Viellard-Baron 2013). 4# "#$V'(TH F&EC +V$(µ'K) &'I HFO 

µ+&$NQ $I&PC &OC "Q' B'-I%+C&(#%PC µ+-+&PC %$# +%+,CEH &OC .+C&S+-LB'I-'I %$# 

FIC. +,C$# $(%+&TH, %$# B+(#-$µ*GC'IC +%&LH $BL &EC B$(G--E-E +V$(µ'K) TGI, %$# 

&EC +V$(µ'K) U$µE-L&+(OC µTFOC B#TF+OC $+(#Fµ'Q, &E FIUCL&+(E &#&-'B',EF) 

&'IH, &E "#$-+,B'IF$ +V$(µ'K) &EH B$(Tµ*$FEH %$DPH %$# &EC &$%&#%) +V$(µ'K) 

U+#(#FµPC +B#F&(G&+IFEH &LF' F&EC 'µG"$ B$(Tµ*$FEH LF' %$# F&EC 'µG"$ 

+-TKU'I. >T-'H +,C$# FEµ$C&#%L C$ &'C,F'Iµ+ L&# &LF' F&EC B('EK'Qµ+CE 

[Mentzelopoulos et al 2012] LF' %$# F&EC B$('QF$ µ+-T&E, "+C B$($&E()DE%$C 

FEµ$C&#%TH $#µ'"IC$µ#%TH µ+&$*'-TH F&EC 'µG"$ B$(Tµ*$FEH HFO-TGI.  

]BOH TU'Iµ+ )"E $C$VT(+#, E FIFUT&#FE VIF#'-'K#%PC µ+&$*-E&PC %$# 

B$($µT&(OC &'I BAL %$&G &EC +V$(µ'K) HFO TU+# B$($&E(ED+, F+ B+#($µ$&#%TH 

µ+-T&+H [Imai et al 1994, Rotta et al 2001, Imai et al 2001, Muellenbach et al 2007].  

]µOH &$ "+"'µTC$ $BL µ+-T&+H F+ $FD+C+,H µ+ ARDS  "+C +%V(GS'IC $I&) &E FUTFE 

µ+ &LFE F$V)C+#$. XU+# *(+D+, '&# E +V$(µ'K) B('F&$&+I&#%'Q $+(#Fµ'Q F+ $FD+C+,H 

µ+ ARDS µB'(+, C$ +B#VT(+# *+-&,OFE &EH 'NIKLCOFEH %$# B$(G--E-E $QNEFE ) 

µ+,OFE &EH V-+Kµ'CP"'IH $BGC&EFEH LBOH $I&) $C#UC+Q+&$# F&' BAL [Papazian et 



' OO'

al 2005] %$DPH %$# L&# TC$ B#' B('F&$&+I&#%L µ'C&T-' $+(#Fµ'Q, B'I B('%$-+, 

µ+,OFE &EH V-+Kµ'C)H F&' BAL µB'(+, C$ µEC FU+&,S+&$# µ+ *+-&,OFE &EH 

$C&$--$K)H $+(,OC F&EC $(U#%) VGFE &'I ARDS [Ranieri et al 1999]. 0BL &$ 

B$($BGCO $C$"+#%CQ+&$# µ#$ F$V)H "#$V'('B',EFE µ+&$NQ B+#($µ$&#%PC µ'C&T-OC 

%$# %-#C#%PC µ+-+&OC F+ $FD+C+,H µ+ ARDS. 

 5IµB+($Fµ$&#%G &$ $B'&+-TFµ$&G µ$H IB'F&E(,S'IC &EC IBLD+FE L&# E 

F&GDµ+H &OC %I&&G(OC V-+Kµ'C)H %$# &OC %I&&$('%#CPC F&' BAL +,C$# B#D$CPH 

IME-L&+(+H µ+ &EC +V$(µ'K) HFO-TGI, +CP "+C FU+&,S'C&$# µ+ &EC +B,"($FE B'I 

TU+# &' HFO-TGI F&EC 'NIKLCOFE %$# B#D$CPH %$# F&EC B(LKCOFE &OC $FD+CPC µ+ 

ARDS. /(+#GS'C&$# B+(#FFL&+($ "+"'µTC$ $BL %-#C#%TH "'%#µTH B'I D$ 

B+(#-$µ*GC'IC %$# &E µ+-T&E B$($KLC&OC FIF&Eµ$&#%)H V-+Kµ'C)H B('%+#µTC'I C$ 

"#+I%(#C#FD'QC B#D$C', *#'-'K#%', µEU$C#Fµ', B'I FU+&,S'C&$# µ+ &EC +I+(K+&#%) 

+B,"($FE &'I HFO-TGI. 

 =+(#'(#Fµ', &EH B$('QF$H µ+-T&EH +,C$# ' µ#%(LH $(#DµLH $FD+CPC, ' 'B','H 

LµOH )&$C +B$(%)H K#$ C$ $C$"+#UD'QC "#$V'(TH F&EC 'NIKLCOFE $--G %$# F&E 

V-+Kµ'CP"E $BGC&EFE F&#H "Q' 'µG"+H. 6B,FEH FEµ$C&#%LH $(#DµLH $FD+CPC B'I 

$(U#%G &IU$#'B'#)DE%$C F&E µ+-T&E "+C '-'%-)(OF+ &' B(O&L%'--o K+K'CLH B'I 

µB'(+, C$ +BE(T$F+ &$ &+-#%G $B'&+-TFµ$&$ +#FGK'C&$H FVG-µ$ +B#-'K)H.  

  

5:.=6705.0>0 

 4 "#$-+,BOC µEU$C#%LH $+(#FµLH µ+ HFO-TGI *+-&#PC+# FEµ$C&#%G &EC 

'NIKLCOFE %$# &#H µEU$C#%TH #"#L&E&+H &'I $C$BC+IF&#%'Q FIF&)µ$&'H L&$C 

+V$(µLS+&$# F+ $FD+C+,H µ+  ARDS, µB'(+, LµOH C$ $INGC+# &'IH "+,%&+H V-+Kµ'C)H 

F&' BAL. /(+#GS'C&$# B+(#FFL&+(+H µ+-T&+H K#$ C$ "#+I%(#C#FD+, ' (L-'H &OC 



' OP'

%I&&$('%#CPC F&' BAL K#$ &EC B(LKCOFE &OC $FD+CPC $I&PC, %$# #"#$,&+($ ' (L-'H 

&EH 0%&#*,CEH.  



' OQ'

1 !)&3%$'1 (*" "6I'"#,*" ($5$,(!"(&0*" +1#$,&0*" 
$!%&'+*" (HFO-TGI) '(* !42),!"+*,&0* "32% (EVLW) '! 
$'7!,!&' +! *4" '",3%*+* $,$),!"'(&01' 3"')%$.&$' 
(ARDS): +&$ ("#$&*)*&1+!,1 /"'&*5*.&01 +!5!(1  
)

6250J9J! 

) 4 "#$-+,BOC µEU$C#%LH $+(#FµLH µ+ &$-$C&O&) IME-)H FIUCL&E&$H F+ 

FIC"I$FµL µ+ +C"'&($U+#$%) +µVQFEFE $+(,OC (HFO-TGI), +V$(µ'K) "#$((')H $BL 

&'C $+('DG-$µ' &'I &($U+#'FO-)C$, %$# U+#(#Fµ'QH +B#F&(G&+IFEH (RMs) *+-&#PC+# 

&EC $C&$--$K) $+(,OC %$# &#H µEU$C#%TH #"#L&E&+H &'I $C$BC+IF&#%'Q FIF&)µ$&'H F+ 

$FD+C+,H µ+ 'NQ FQC"('µ' $C$BC+IF&#%)H "IFB($K,$H (ARDS) [Mentzelopoulos et al 

2007, Mentzelopoulos et al 2010, Mentzelopoulos et al 2011, Mentzelopoulos et al 

2012]. 4# IB'%+,µ+C'# VIF#'-'K#%', µEU$C#Fµ', B+(#-$µ*GC'IC: 1) &EC BC+Iµ'C#%) 

+B#F&(G&+IFE B'I B#D$CG +C#FUQ+&$# $BL &' TGI (PEEP effect) 2) &EC +B#-+%&#%) 

+B#F&(G&+IFE %$&P&+(OC B+(#'UPC &'I BC+Qµ'C$ B'I B('EK'IµTCOH "+C $+(,S'C&$C  

3) &EC +C,FUIFE &OC µEU$C#FµPC $C&$--$K)H $+(,OC B'I FU+&,S'C&$# µ+ &' HFO 

[Pillow et al 2005] %$# 4) &EC $INEµTCE T%B-IFE &'I $C$&'µ#%'Q C+%('Q UP('I %$# 

&EC $B'*'-) CO2 [Dolan et al 1996]. 

 XC$H +B#B-T'C B#D$CLH +I+(K+&#%LH µEU$C#FµLH &'I HFO-TGI B'I "+C TU+# 

µTU(# &P($ µ+-+&ED+, D$ µB'('QF+ C$ +,C$# E µ+,OFE &'I B$($&E('Qµ+C'I F&' 

ARDS BC+Iµ'C#%'Q '#")µ$&'H. ! µT&(EFE &'I +NOBC+Iµ'C#%'Q Q"$&'H (EVLW) 

F&'IH $FD+C+,H µ+ ARDS U(EF#µ'B'#+,&$# '-'TC$ %$# B+(#FFL&+(' F&EC "#GKCOFE, 

&EC B$($%'-'QDEFE, %$# &E -)ME D+($B+I&#%PC $B'VGF+OC K#$ &'IH $FD+C+,H 

$I&'QH, +VLF'C F)µ+($ TU+# K,C+# +V#%&) µ+ &EC &+UC#%) &EH $B-)H D+(µ'$($,OFEH 

(simple thermodilution technique) [Brown et al 2009, Ware et al 2001, Sakka et al 

2000, Monnet et al 2007]. 5&EC B$('QF$ µ+-T&E +-TKN$µ+ &EC IBLD+FE L&# ' 

FIC"I$FµLH HFO-TGI %$# RMs µ+#PC+# &' EVLW FIK%(#&#%G µ+ &EC +V$(µ'K) 



' OR'

FIµ*$&#%'Q µEU$C#%'Q $+(#Fµ'Q (CMV) %$# RMs UO(,H C$ +BE(+GS+# $(CE&#%G &#H 

G--+H $#µ'"IC$µ#%TH B$($µT&('IH. 

 

05861625 302 .684;42 

'' ! µ+-T&E B($Kµ$&'B'#)DE%+ $BL &'C 2'QC#' +OH &' ;+%Tµ*(#' &'I 2011 F&E 

µ'CG"$ +C&$&#%)H D+($B+,$H &'I C'F'%'µ+,'I 6I$KK+-#FµLH, E 'B',$ +,C$# µ,$ 

µ'CG"$ µ+ 30 %-,C+H B'I IB'F&E(,S+# B$D'-'K#%'QH %$# U+#('I(K#%'QH $FD+C+,H %$# 

&($Iµ$&,+H. >' B(O&L%'--' &EH µ+-T&EH +K%(,DE%+ $BL &EC 6B#F&Eµ'C#%) +B#&('B) 

&'I C'F'%'µ+,'I. J#$ L-'IH &'IH $FD+C+,H +,U+ -EVD+, K($B&) FIC$,C+FE $BL &'IH 

FIKK+C+,H.  

 

J'()*)+% 

5&E µ+-T&E FIµB+(#-G*$µ+ $FD+C+,H B'I B-E('QF$C &$ $%L-'ID$ %(#&)(#$: 

1) E-#%,$ 18-75 +&PC; 2) *G('H FPµ$&'H>40 kg; 3) ARDS "#$KCOFDTC +C&LH 96 O(PC 

[Bermard et al 1994]; 4) +C"'&($U+#$%) "#$FO-)COFE %$# µEU$C#%LH $+(#FµLH; 5) 

"#$&$($U) &EH 'NIKLCOFEH µ+ -LK' PaO2/FiO2 <200 mmHg F+ PEEP ` 5 cmH2O. 

3(#&)(#$ $B'%-+#Fµ'Q )&$C [Mentzelopoulos et al 2012]: 1) +B,µ'CE "#$((') $T($ 

$BL B$('UT&+IFE Eµ#DO($%,'I "#G(%+#$H >72 O(PC, 2) $#µ'"IC$µ#%) $F&GD+#$ 

(FIF&'-#%) $(&E(#$%) B,+FE <90 mmHg B$(G &E U'()KEFE IK(PC %$# 

$KK+#'FIFB$F&#%PC `0.5 µg/kg/min), 3) F'*$() %$("#$%) CLF'H ) *$-*#"'BGD+#$ 

(%-GFµ$ +NOD)F+OH <40%, #F&'(#%L BC+Iµ'C#%'Q '#")µ$&'H ) +C+(KLH #FU$#µ,$ &'I 

µI'%$(",'I), 4) F'*$() $B'V($%&#%) BC+Iµ'C'BGD+#$ ) GFDµ$, U(LC#$ D+($B+,$ K#$ 

BC+Iµ'C'BGD+#$, ) GFDµ$, ) B('EK'Qµ+CE C'FE-+,$, ) U(LC#$ IB+(%$BC,$ µ+ PaCO2 

>45 mmHg, 5) U(LC#$ "#Gµ+FE BC+Iµ'C'BGD+#$, 6) *#'M,$ BC+Qµ'C$ ) +%&'µ) %$&G 

&EC B$('QF$ C'FE-+,$, 7) "#GKCOFE ) IB'M,$ D('µ*'+µ*'-#%)H CLF'I, 8) 



' PI'

+C"'%(GC#$ IBT(&$FE µ+ +C"'%(GC#$ B,+FE `20 mmHg, 9) %QEFE; 10) C'F'KLC'H 

B$UIF$(%,$ µ+ "+,%&E µGS$H FPµ$&'H BMI >40 kg/m2, %$# 11) FIµµ+&'U) F+ G--E 

B$(+µ*$&#%) µ+-T&E.  

 

D5F"9?#77# 

.+&G &EC +,F'"' F&E µ+-T&E TK#C$C '# *$F#%TH µ+&()F+#H +CP '# $FD+C+,H 

*(,F%'C&$C F+ FIµ*$&#%L µEU$C#%L $+(#FµL CMV, LBOH +,U$C %$D'(,F+# '# 

D+(GB'C&+H #$&(', (=,C$%$H 1). 5&E FICTU+#$ '# $FD+C+,H T-$*$C +,&+ µEU$C#%L 

$+(#FµL µ+ 8 P(+H CMV %$# $%'-'QDOH 8 P(+H HFO-TGI (HF-1), ) $C&#F&(LVOH  

(HF-2) (6#%LC$ 1a %$# 5U)µ$ 1). 3GD+ $FD+C)H µB'('QF+ C$ -G*+# µ,$ ) 

B+(#FFL&+(+H FIC+"(,+H +VLF'C B-E('QC&$C &$ B('$C$V+(DTC&$ %(#&)(#$ K#$ `6 

P(+H %$&G &' U('C#%L "#GF&Eµ$ &'I FIµ*$&#%'Q µEU$C#%'Q $+(#Fµ'Q µ+&$NQ &OC 

FIC+"(#PC. /(EF#µ'B'#)F$µ+ &IU$#'B',EFE IBL B+(#'(#FµL (constraint 

randomization) [Armitage et al 2002] T&F# PF&+ C$ B+&QU'Iµ+ ,F' $(#DµL HF-1 %$# 

HF-2 FIC+"(#PC. 4# FIC+"(,+H µ+ µ'CL $(#DµL +C&GUDE%$C &IU$,$ F+ µ,$ $BL &#H HF-

1 ) HF-2 'µG"+H +CP '# FIC+"(,+H µ+ SIKL $(#DµL +C&GUDE%$C F&EC $C&,D+&E $BL &EC 

B('EK'Qµ+CE 'µG"$. ;+C IB)(U+ +C"#Gµ+FE B+(,'"'H T%B-IFEH (wash-out) µ+&$NQ 

&OC 8O(OC FIC+"(#PC (CMV %$# HGO-TGI), "#L&# "+C )&$C +V#%&L C$ µ+,C'IC 

$FD+C+,H µ+ ARDS UO(,H µEU$C#%L $+(#FµL. ! 8O(E "#G(%+#$ &OC FIC+"(#PC 

+B+-TKE "#L&# KCO(,S'Iµ+ $BL B('EK'Qµ+C+H µ+-T&+H '&# E +V$(µ'K) HFO-TGI K#$ > 

6P(+H FU+&,S+&$# µ+ FEµ$C&#%) *+-&,OFE &EH 'NIKLCOFEH %$# &EH µEU$C#%)H &'I 

$+(#Fµ'Q [Mentzelopoulos et al 2012]. .+&$NQ "#$"'U#%PC FIC+"(#PC '# $FD+C+,H 

$+(,S'C&$C µ+ CMV, +CP '# FICD)%+H $+(#Fµ'Q, %$# E $KOK) K#$ %$&$F&'-) %$# 

$C$-KEF,$ µB'('QF$C C$ &('B'B'#ED'QC $BL &'IH D+(GB'C&+H. 

 



' PJ'

.>&5µ#4= '$µ<&"3?#@ µ,6&*3?#@ &)53'µ#@ (CMV)  

3$&G &E "#G(%+#$ &'I CMV '# $FD+C+,H -Gµ*$C$C $+(#FµL D+&#%)H B,+FEH 

+-+KULµ+C'I LK%'I µ+ &#H B$($%G&O FICD)%+H $+(#Fµ'Q: 0C$BC+Lµ+C'H LK%'H  6-8 

mL/kg B('*-+BLµ+C'I FOµ$&#%'Q *G('IH, FIC"I$FµL PEEP (cmH2O) %$#  FiO2 

FQµVOC$ µ+ &' B(O&L%'--' ARDSnet (10/0.6, 10-14/0.7, 14/0.8, 14-18/0.9, 18-

24/1), -LK' +#FBC+IF&#%'Q B('H +%BC+IF&#%L U(LC' 1:2, $C$BC+IF&#%) FIUCL&E&$ 18-

35 $C$BC'TH %$&G -+B&L, F&LU'H pH 7.20-7.45, %$# F&LU'H &+-'+#FBC+IF&#%)H B,+FEH 

$+($KOKPC <30 cmH2O (µTK#F&' +B#&(+B&L L(#' <35 cmH2O). 5&LU'H PaO2 )&$C &$ 

60-80 mmHg, +%&LH &OC $FD+CPC µ+ 363 F&'IH 'B','IH ' F&LU'H )&$C PaO2 >90 

mmHg. /+#(#Fµ', +B#F&(G&+IFEH TK#C$C %$&G &'C CMV µ+ &EC +V$(µ'K) FIC+U'QH 

D+&#%)H B,+FEH (CPAP)  40 cmH2O K#$ 40 sec F&#H 0, 4 %$# 8 P(+H. 

J#$ C$ +B#&QU'Iµ+ &'IH B('$C$V+(DTC&+H F&LU'IH %$# C$ $B'VQK'Iµ+ &EC 

"IFIKU('C,$ $FD+C'QH-$C$BC+IF&)($ ($C$BC+IF&#%TH B('FBGD+#+H B'I B('%$-'QC 

B+(#'"#%) GC'"' >5 cmH2O &EH µTK#F&EH +#FBC+IF&#%)H B,+FEH F+ CMV [Murray et 

al 2002]), '# $FD+C+,H T-$*$C µ#"$S'-GµE %$#/) B('B'VL-E µ+ F&LU' *$Dµ'-'K,$ 

Ramsay 4-6. 6GC +µVGC#S$C "IFIKU('C,$ B$(G &E *$Dµ'-'K,$ Ramsay 6, 

U'(EK'QF$µ+ K#$ µI'UG-$FE cis-$&($%'Q(#' 0.1-0.2 mg/kg/h. J#$ $C$-KEF,$ 

U'(EK)DE%+ FIC+U)H TKUIFE A+C&$CQ-EH 1-3 µg/kg/h +VLF'C IB)(U+ %-#C#%) IB'M,$ 

BLC'I, B.U. &($Qµ$ ) U+#('I(K#%) +BTµ*$FE %$&G &#H B('EK'Qµ+C+H 48-72 P(+H.  

)

 

 

.>&5µ#4= HFO-TGI  

5+ %GD+ $FD+C) B(#C &EC +V$(µ'K) HFO-TGI %LM$µ+ &'IH &($U+#'FO-)C+H 

(µ+KTD'IH =8.0-9.0 mm) F&$ 26 cm, +-TKN$µ+ &E DTFE &'I G%('I ("4 cm BGCO $BL 



' PH'

&EC &(LB#"$) µ+ $%&#C'K($V,$ DP($%'H, %$# &E *$&L&E&$ µ+ *($U+,$ ([10 sec) 

*('KU'F%LBEFE [Mentzelopoulos et al 2007]. /(EF#µ'B'#)F$µ+ µ,$ +BT%&$FE F&' 

%Q%-Oµ$ 4.8 cm (Smiths Medical International, Watford, UK) µ+&$NQ &'I 

$C$BC+IF&#%'Q %I%-Pµ$&'H %$# &'I &($U+#'FO-)C$. .TFO &EH +BT%&$FEH 

B('F$(µLF$µ+ TC$C "QF%$µB&' %$D+&)($ (Vygon, Ecouen, France; +FO&+(#%) 

"#Gµ+&('H=1.0 mm, +NO&+(#%) "#Gµ+&('H=2.0 mm) %$# µTFO $I&'Q U'(EK)F$µ+ TGI. 

>' µ)%'H &'I %$D+&)($ TGI B('F$(µLFDE%+ PF&+ &' G%(' &'I C$ *(,F%+&$# 0.5-1.0 

cm BT($C &'I &($U+#'FO-)C$.  

4# $FD+C+,H -Gµ*$C$C %$&$F&'-) µ+ µ#"$S'-GµE )/%$# B('B'VL-E µ+  F&LU' 

*$Dµ'-'K,$ Ramsay 6 %$# B$(G-IFE µ+ cis-$&($%'Q(#'. >' HFO U'(EK)DE%+ µ+ 

$C$BC+IF&)($ 3100B (Sensormedics, Yorba Linda, CA, USA). 4# $FD+C+,H 

FIC"T'C&$C F&' %Q%-Oµ$ %$# F&E FICTU+#$ K#CL&$C TC$H U+#(#FµLH +B#F&(G&+IFEH K#$ 

40 sec µ+ FIµB,+FE &'I $C$BC+IF&#%'Q %I%-Pµ$&'H, +CP &' B#F&LC# &'I &$-$C&O&) 

HFO B$(Tµ+#C+ %-+#F&L. 0%'-'QDOH, FIC+U,F$µ+ &' HFO %$# N+%#C)F$µ+ "#$((') 

$BL &'C $+('DG-$µ' 3-5 cmH2O. 6B$C$VT($µ+ &EC µTFE B,+FE $+($KOKPC (mPaw) 

F&$ B('EK'Qµ+C$ +B,B+"$ B('F$(µLS'C&$H &EC +#"#%) *$-*,"$. >+-#%G E mPaw B'I 

+V$(µ'SL&$C )&$C 6-8 cmH2O IME-L&+(E $BL '&# F&'C CMV [Mentzelopoulos et al 

2010]. 5&E FICTU+#$ FIC"T$µ+ &'C %$D+&)($ TGI F+ (IDµ#SLµ+CE B$('U) O2 µ+ 

+VQK($CFE F+ D+(µ'%($F,$ "Oµ$&,'I %$# U'(EK'QF$µ+ TGI µ+ (') 50% $BL &'C 

%$&G -+B&L $+(#FµL F+ CMV. ! TC$(NE TGI B('%$-'QF+ GC'"' &EH mPaw %$&G 1-2 

cmH2O, B'I $C&#F&(TV$µ+ µ+ &EC +#"#%) *$-*,"$. >' FiO2 )&$C 1, &' +Q('H 

&$-GC&OFEH &EH B,+FEH  (;P) 65-90 cmH2O (30 cmH2O IME-L&+($ $BL &EC &#µ) 

PaCO2 F&'C CMV), %$# E FIUCL&E&$ &$-GC&OFEH (f) 3.5-5.5 Hz. 4# ;P %$# f 

B('F$(µLS'C&$C F&E FICTU+#$ µ+ F&LU' $(&E(#$%L pH 7.20-7.45. 4# U+#(#Fµ', 



' PS'

+B#F&(G&+IFEH +B$C$-$µ*GC'C&$C F&#H 4 %$# F&#H 8 P(+H µ+&G &EC TC$(NE  HFO-TGI, 

LBOH TU+# )"E B+(#K($V+,.  

 

M)"5=')3% 

4# µ+&()F+#H -$µ*GC'C&$C F+ &(+,H U('C#%TH B+(#L"'IH: F&EC $(U) %$# F&' 

&T-'H &'I B(P&'I 8P('I %GD+ FIC+"(,$H, %$# F&' &T-'H &EH %GD+ FIC+"(,$H (6#%LC$ 

1a %$# 5U)µ$ 1). 5+ %GD+ +%&,µEFE FIµB+(#-G*$µ+ µT&(EFE &'I EVLW, &OC 

$#µ'"IC$µ#%PC B$($µT&(OC %$# &OC $(&E(#$%PC %$# V-+*#%PC $+(,OC $,µ$&'H.  

/(EF#µ'B'#)F$µ+ &EC &+UC#%) &EH µE(#$,$H $(&E(#$%)H D+(µ'$($,OFEH 

(PiCCOplus®, Pulsion Medical Systems, Munich, Germany) K#$ &E µT&(EFE &'I 

EVLW %$# &EC $#µ'"IC$µ#%) B$($%'-'QDEFE. ! &+UC#%) $I&) +µV$C,S+# %$-) 

FIFUT&#FE µ+ &EC B(L&IBE F&$Dµ#%) µTD'"' F&$ SP$ %$# µ+ &EC &+UC#%) 

D+(µ'$($,OFEH µ+ "I' "+,%&+H B'I $B'&+-+, &EC B(L&IBE µTD'"' F&'C GCD(OB' K#$ 

&EC +%&,µEFE &'I EVLW [Brown et al 2009]. 5&'IH $FD+C+,H &'B'D+&)F$µ+ µE(#$,$ 

$(&E(#$%) K($µµ) 5-F µ+ D+(µ,F&'( %$# %+C&(#%) V-+*#%) K($µµ). J#$ %GD+ F+#(G 

µ+&()F+OC K#CL&$C TKUIFE 15cc VIF#'-'K#%'Q '('Q 0.9%  (<8 oC) $BL &EC %+C&(#%) 

V-+*#%) K($µµ) µ+ +B,&+INE %$&G--E-EH %$µBQ-EH D+(µ'$($,OFEH F&EC 'DLCE &'I 

µEU$C)µ$&'H "Q' V'(TH %$# '# µTF+H &#µTH -$µ*GC'C&$C IB’LM#C F&EC $CG-IFE &OC 

$B'&+-+FµG&OC [Michard et al 2007]. ! µEU$C#%) &'I $C$BC+IF&#%'Q µ+-+&)DE%+ µ+ 

"#+CT(K+#$ &+-'+#FBC+IF&#%)H %$# &+-'+%BC+IF&#%)H B$QFEH [Mentzelopoulos et al 

2007] F+ CMV µ+ F&$D+() +#FBC+IF&#%) ('). .+&G &' HFO-TGI, '# µ+&()F+#H 

TK#C$C Gµ+F$ µ+ &EC +B#F&('V) F+ CMV. 

'

!"&"3'"3?= &*B7$', 



' PK'

! F&$&#F&#%) $CG-IFE TK#C+ FQµVOC$ µ+ &' FU+"#$FµL "#$F&$I('Qµ+CEH 

"'%#µ)H (crossover) [Senn 1993]. /(EF#µ'B'#)DE%$C µE B$($µ+&(#%', T-+KU'#. 4# 

"#$V'(TH µ+&$NQ &OC 'µG"OC F&EC $(U) FIK%(,DE%$C µ+ Mann-Whitney U-test %$# 

Fisher’s exact test. 4# µ+&$*'-TH &OC µ+&$*-E&PC µTF$ F+ %GD+ 'µG"$ $C$-QDE%$C 

µ+ Wilcoxon-matched paired test. 4# FIFU+&,F+#H +-TKUDE%$C µ+ µE B$($µ+&(#%L 

T-+KU' Spearman’s R. >' D+($B+I&#%L $B'&T-+Fµ$ &'I HFO-TGI  (E "#$V'(G 

crossover µ+&$NQ HFO-TGI %$# CMV) $C$-QDE%+ µ+ FQK%(#FE &OC &#µPC F&' &T-'H 

%GD+ B+(#L"'I µ+ &E "'%#µ$F,$ Wilcoxon µ+ “HFO-TGI $C+NG(&E&E” p-&#µ) (phd) 

+C"+#%&#%) &EH F&$&#F&#%)H FEµ$F,$H. >' +C"+ULµ+C' V$#C'µTC'I µ+&$V'(GH 

(carryover) +%&#µ)DE%+ µ+ FQK%(#FE &OC µ+&$*'-PC &OC &#µPC F&' &T-'H %GD+ 

B+(#L"'I µ+&$NQ &OC 'µG"OC HF-1 %$# HF-2 µ+ &E "'%#µ$F,$ Mann-Whitney %$# 

“HFO-TGI $C+NG(&E&E” p-&#µ)  (phi) +C"+#%&#%) &EH F&$&#F&#%)H FEµ$F,$H (6#%LC$ 

1). ! "#$"#%$F,$ B'F'F&PC +FV$-µTCEH $C$%G-IMEH (false discovery rate)  [Storey 

2002] $CT"+#N+ &E "#'(DOµTCE &#µ) p < 0.03 C$ +,C$# FEµ$C&#%) K#$ B'--$B-TH 

FIK%(,F+#H. 4# F&$&#F&#%', T-+KU'# TK#C$C U(EF#µ'B'#PC&$H &$ F&$&#F&#%G B$%T&$ 

SPSS Statistics T%"'FE 20 (SPSS Inc., Chicago, Illinois, USA) %$# “R” T%"'FE 3.0 (R 

Foundation for Statistical Computing, Vienna, Austria). .,$ a priori $CG-IFE #FUQ'H 

TK#C+ F+ GPower 3.1 (Franz Faul, University of Kiel, Germany). >' +-GU#F&' µTK+D'H 

"+,Kµ$&'H IB'-'K,FDE%+ µ+ *GFE 90% #FUQ %$# +B,B+"' FEµ$C&#%L&E&$H 0.05. >' 

µTK+D'H "+,Kµ$&'H K#$ &EC $CG"+#NE "#$V'(GH 1 mL/kg F&' EVLWI TK#C+ 

U(EF#µ'B'#PC&$H F&'#U+,$ $BL B('EK'Qµ+CE µ+-T&E [Zeravik et al 1989]. >' %(,F#µ' 

µTK+D'H "+,Kµ$&'H )&$C 25 FIC+"(,+H. >$ "+"'µTC$ B$('IF#GS'C&$# F$C "#Gµ+F'H %$# 

+C"'&+&$(&Eµ'(#$%L +Q('H (interquantile range), +%&LH +GC B('F"#'(,S+&$# 

"#$V'(+&#%G. 

 



' PN'

0=4>6?65.0>0 

0BL &'IH 20 "#$"'U#%'QH $FD+C+,H (15 G((+C+H) B'I +%&#µ)DE%$C, '# 12 

$FD+C+,H (10 G((+C+H, E-#%,$ 45.0 (31.3-47.5) T&E; "+,%&EH µGS$H FPµ$&'H 25.0 

(23.0-26.9) kg/m2; B('*-+BLµ+C' FOµ$&#%L *G('H 72.7 (66.8-80.2) kg; *$Dµ'-'K,$ 

SAPS II 35.0 (28.0-40.9)] µB)%$C F&E µ+-T&E. 0BL &'IH $FD+C+,H $I&'QH '# 11 

+µVGC#S$C B(O&'B$DTH (BC+Iµ'C#%L ARDS, %$# 3 $FD+C+,H +,U$C %$# 363. 42 -LK'# 

B'I $B'%-+,FDE%$C '# IBL-'#B'# 8 $FD+C+,H )&$C: $#µ'"IC$µ#%) $F&GD+#$ µ+ IME-) 

"LFE $KK+#'FIFB$F&#%PC (3 $FD+C+,H), %($C#'+K%+V$-#%) %G%OFE µ+ +C"'%(GC#' 

IBT(&$FE (1 $FD+C)H), "#GKCOFE /0= µ+ "#$B#F&OµTCE U(LC#$ %$&$%(G&EFE CO2 (2 

$FD+C+,H), IB'M,$ D('µ*'+µ*'-#%)H CLF'I (1 $FD+C)H), %$# EU'%$("#'K($V#%) 

TC"+#NE F'*$()H %$("#$%)H "IF-+#&'I(K,$H (1 $FD+C)H). 4 U(LC'H µEU$C#%'Q 

$+(#Fµ'Q B(,C &EC +,F'"' F&E µ+-T&E )&$C 108 (66-120) P(+H. 

5IC'-#%G U'(EK)DE%$C 32 FIC+"(,+H µEU$C#%'Q $+(#FµLI. ;+%$TN# FIC+"(,+H 

F&EC 'µG"$ HF-1 %$# "+%$TN# F&EC HF-2.  >TFF+(#H $FD+C+,H T-$*$C 4 FIC+"(,+H %$# 

8 $FD+C+,H T-$*$C 2. ;+C IB)(U+ "#$V'(G F&#H $(U#%TH (IDµ,F+#H &'I $C$BC+IF&)($ 

µ+&$NQ &OC "Q' 'µG"OC. (=,C$%$H 1, 6#%LC+H 1 %$# 2). ;+C +µV$C,FDE%$C +B#B-'%TH 

%$&G &EC +V$(µ'K) &'I B(O&'%L--'I %$# L-'# '# $FD+C+,H '-'%-)(OF$C &E µ+-T&E 

UO(,H FIµ*Gµ$&$.  

'

J*"&77&4= &)5+F* ?&3 µ,6&*3?= "#$ &*&8*)$'"3?#@  

4 -LK'H PaO2/FiO2 $IN)DE%+ µ+&G &EC +V$(µ'K) HFO-TGI FIK%(#&#%G µ+ &'  

CMV (183 (128-254) 1*&*"3 113 (84-136) mmHg, phd <0.001) (6#%LC$ 1b), +CP ' 

"+,%&EH 'NIKLCOFEH µ+#PDE%+ F+ FQK%(#FE BGC&$ µ+ &' CMV (0.151 (0.106-0.223) 

1*&*"3 0.191 (0.160-0.277), phd =0.029) (6#%LC$ 2a). ! +C"'&#%L&E&$ &'I 

$C$BC+IF&#%'Q FIF&)µ$&'H )&$C ME-L&+(E µ+&G &' HFO-TGI  (36.8 (24.7-44.0) 



' PO'

1*&*"3 31.7 (24.8-39.1) mL/cmH2O, phd <0.001). >' PaCO2 )&$C U$µE-L&+(' F+ 

HFO-TGI F+ FQK%(#FE µ+ &' CMV (42.5 (38.7-54.0) 1*&*"3 46.3 (40.9-63.5) mmHg, 

phd =0.045), $--G E "#$V'(G $I&) "+C B$(Tµ+#C+ F&$&#F&#%G FEµ$C&#%) µ+&G &E 

"#L(DOFE K#$ B'--$B-TH FIK%(,F+#H %$# "+C +BE(T$F+ FEµ$C&#%G &' pH (7.38 (7.33-

7.44) 1*&*"3 7.36 (7.31-7.41), phd =0.166). 

'

EVLW ?&3 &3µ#A$*&µ3?1% µ)"5=')3%  

  4 "+,%&EH EVLWI )&$C U$µE-L&+('H µ+&G &' HFO-TGI F+ FQK%(#FE µ+ &'  

CMV (12.3 (9.8-15.5) 1*&*"3 13.2 (10.5-18.2) mL/kg, phd =0.021) (6#%LC$ 2a). 4 

"+,%&EH $KK+#$%)H "#$B+($&L&E&$H &'I BC+Qµ'C$ (PVPI) )&$C +B,FEH U$µE-L&+('H 

µ+&G &' HFO-TGI (2.50 (1.90-2.90) 1*&*"3 2.65 (2.10-3.43), phd =0.047), $--G $I&) E 

µ+&$*'-) "+C B$(Tµ+#C+ F&$&#F&#%G FEµ$C&#%) µ+&G &E "#L(DOFE K#$ B'--$B-TH 

FIK%(,F+#H (=,C$%$H 2). ;+C *(TDE%+ FEµ$C&#%) "#$V'(G $CGµ+F$ F&#H "Q' &+UC#%TH 

$+(#Fµ'Q K#$ &#H IBL-'#B+H $#µ'"IC$µ#%TH µ+&$*-E&TH (=,C$%$H 2). :B)(U+ $(CE&#%) 

FIFUT&#FE $CGµ+F$ F&#H µ+&$*'-TH &'I "+,%&E EVLWI %$# F&E µ+&$*'-) &'I -LK'I 

PaO2/FiO2 %$&G &' HFO-TGI (Spearman’s rho=-0.452, p=0.009) (6#%LC$ 3). 

'

K'#;@43# $45:* ?&3 $8#'"=5,2, µ) &44)3#'$'8&'"3?B  

;+C IB)(U$C FEµ$C&#%TH "#$V'(TH F&#H "Q' 'µG"+H F&' #F'SQK#' &OC IK(PC 

%$# F&E U'()KEFE $KK+#'FIFB$F&#%PC V$(µG%OC (C'($"(+C$-,CEH) (=,C$%$H 2). 

)

C&3*9µ)*# -)"&>#5B% (Carryover)  

4 T-+KU'H K#$ V$#CLµ+C' µ+&$V'(GH ) G--E +B,"($FE &EH +V$(µ'K)H &'I CMV F&' 

$B'&T-+Fµ$ &'I HFO-TGI F&EC 'µG"$ HF-1 %$# &EH +V$(µ'K)H &'I HFO-TGI F&' 

$B'&T-+Fµ$ &'I CMV F&EC 'µG"$ HF-2 "+C )&$C FEµ$C&#%LH K#$ &$ EVLWI (6#%LC$ 



' PP'

2a), PVPI, +C"'&#%L&E&$, "+,%&E 'NIKLCOFEH, PaO2/FiO2 (6#%LC$ 1b), &' PaCO2 %$# 

&#H $#µ'"IC$µ#%TH µ+&$*-E&TH (=,C$%$H 2). .B'('Qµ+ FIC+BPH C$ D+O()F'Iµ+ '&# 

&T&'#$ +B,"($FE "+C +BE(T$F+ &$ $B'&+-TFµ$&$.  

 

 

5:R!>!5! 

' >$ "+"'µTC$ µ$H "+,UC'IC *+-&,OFE &EH 'NIKLCOFEH %$# &EH µEU$C#%)H &'I 

$+(#Fµ'Q %$# µ+,OFE &'I EVLWI µ+ &EC +V$(µ'K) &'I HFO-TGI F+ $FD+C+,H µ+  

ARDS. ! *+-&,OFE F&EC 'NIKLCOFE +B#B-T'C FU+&,S+&$# µ+ &E µ+,OFE &'I EVLWI. 

4# $#µ'"IC$µ#%TH µ+&$*-E&TH FIµB+(#-$µ*$C'µTCOC %$# &'I +C"'DO($%#%'Q LK%'I 

Q"$&'H (ITBI) %$# &'I %$("#$%'Q "+,%&E (CI) "+C "#TV+($C FEµ$C&#%G  µ+&$NQ &OC 

'µG"OC HFO-TGI %$# CMV. 5&EC 6#%LC$ 2b V$,C+&$# L&# +CP ' EVLWI )&$C 

FEµ$C&#%G U$µE-L&+('H F&EC 'µG"$ HFO-TGI/RM E $BGC&EFE $I&) "+C )&$C 

'µ'#'K+C)H 'Q&+ µ+&$NQ &OC $FD+CPC 'Q&+ µ+&$NQ &OC FIC+"(#PC &'I ,"#'I 

$FD+C'QH. 

 3$&G &' µEU$C#%L $+(#FµL, E +B#F&(G&+IFE &'I BC+Qµ'C$ µB'(+, C$ 

+BE(+GF+# &' EVLW µ+ "#$V'(+&#%'QH &(LB'IH [Michard et al 2007]. .B'(+, C$ &' 

+-$&&PF+# -LKO &EH B('%$-'Qµ+CEH FQµB&OFEH &OC &'#UOµG&OC µ#%(PC 

BC+Iµ'C#%PC $KK+,OC [Myers et al 1988] ) B&PFEH &EH %$("#$%)H B$('U)H 

[Colmenero-Ruiz et al 1997, Ruiz-Bailen 1999] %$# µB'(+, +B,F+#H C$ &' $IN)F+# 

$INGC'C&$H &'C LK%' &'I BC+Qµ'C$ [Demling et al 1975], $C$%$&$CTµ'C&$H &EC 

$#µ$&#%) (') ) $INGC'C&$H &EC %+C&(#%) V-+*#%) B,+FE [Richard et al 2001]. XU'Iµ+ 

"+# '&# E BC+Iµ'C#%) +B#F&(G&+IFE F&' HFO-TGI "#$VT(+# $BL +%+,CE F+ CMV. ! 

FIC+U)H (') $+(,'I µTFO &'I TGI $F%+, µ#$ D+&#%) B,+FE (PEEP-effect) B'I 

$C&#&,D+&$# F&EC +%BC+IF&#%) (') [Mentzelopoulos et al 2007, Dolan et al 1996]. 



' PQ'

6#%LC+H $BL $N'C#%TH &'µ'K($V,+H TU'IC "+,N+# µ#$ %$&+N'U)C +B#F&(G&+IFE 

IB'&('B#"#%PC B+(#'UPC UO(,H C$ B('%$-+,&$# IB+("#G&$FE &OC B+(#'UPC &'I 

BC+Qµ'C$ B'I )"E $+(,S'C&$# [Mentzelopoulos et al 2011]. 

 ! B(L-EME &EH BC+Iµ'C#%)H *-G*EH %$# E µ+,OFE &'I BC+Iµ'C#%'Q 

'#")µ$&'H %$# &'I EVLW µ+ &EC +V$(µ'K) PEEP %$# &E U'()KEFE U$µE-PC 

$C$BC+Lµ+COC LK%OC TU+# µ+-+&ED+, F+ B+#($µ$&#%L µ'C&T-' [Colmenero-Ruiz 

1997]. 5QµVOC$ µ+ B+#($µ$&#%TH µ+-T&+H [Carlile et al 1986, Willems et al 2012, 

Shimaoku et al 1998, Kerr et al 2001] E $B'VIK) &EH +B$C$-$µ*$CLµ+CEH "#GC'#NEH 

%$# FQK%-#FEH &OC %IM+-,"OC %$&G &EC +V$(µ'K) HFO B('-$µ*GC+# &E V-+Kµ'CP"E 

$BGC&EFE B'I B('%$-+,&$# $BL &'C $C$BC+IF&)($, B('GK+# &EC +B#"#L(DOFE &OC 

#F&PC %$# *+-&#PC+# &' %IM+-#"#%L %$# "#Gµ+F' ',"Eµ$. .+ &EC B('FD)%E &'I TGI 

F&' HFO FIC"IGF$µ+ &#H "Q' B('F&$&+I&#%TH F&($&EK#%TH +-$U#F&'B'#PC&$H &'C 

$C$BC+Lµ+C' LK%' %$# +C#FUQ'C&$H &EC +B#F&(G&+IFE F&#H %$&P&+(+H B+(#'UTH &'I 

BC+Qµ'C$ [Mentzelopoulos et al 2011]. .#$ B('F&$&+I&#%) +B#F&(G&+IFE B'I '"EK+, 

F+ +-G&&OFE &'I BC+Iµ'C#%'Q '#")µ$&'H F$C $#&,$ &EH B&PFEH &'I EVLW 

IB'F&E(,S+&$# %$# $BL &EC '(#$%G U$µE-L&+(E &#µ) &'I "+,%&E BC+Iµ'C#%)H 

"#$B+($&L&E&$H (PVPI) (=,C$%$H 2) ' 'B','H TU+# B('&$D+, %$# F$C "+,%&EH 

"#GKCOFEH F&' ARDS [Monnet et al 2007]. 

 J#$ &'IH U+#(#Fµ'QH +B#F&(G&+IFEH +V$(µLF$µ+ &E µTD'"' 40/40 &LF' %$&G 

&' CMV LF' %$# F&'  HFO-TGI. .#$ "#V'(+&#%) B('FTKK#FE D$ )&$C C$ 

+V$(µLF'Iµ+ µ#$ F&$"#$%) &#&-'B',EFE &EH +V$(µ'SLµ+CEH B,+FEH [Gernoth et al 

2009]. ;+C µB'('Qµ+ C$ B('*-TM'Iµ+ &'C &(LB' µ+ &'C 'B',' µ#$ &T&'#$ B('FTKK#FE 

D$ µB'('QF+ C$ +BE(+GF+# &$ $B'&+-TFµ$&G µ$H. ! 6#%LC$ 3 "+,UC+# &E FIFUT&#FE 

µ+&$NQ &EH µ+,OFEH &'I EVLWI %$# &EH *+-&,OFEH &'I PaO2/FiO2. 0I&) E 

FIFUT&#FE "+C +,U+ B$($&E(ED+, %$&G &EC +V$(µ'K) RMs F+ CMV [Toth et al 2007]. 



' PR'

6GC IB'DTF'Iµ+ L&# µ+ &' HFO-TGI +B#&IKUGC+&$# µ#$ B$($&+#CLµ+CE U('C#%G %$# 

-#KL&+(' &($Iµ$&#%) K#$ &'C BC+Iµ'C$ +B#F&(G&+IFE, &L&+ E FIFUT&#FE $I&) D$ 

µB'('QF+ C$ +NEKED+, µ+ *GFE &'C LK%' &'I BC+Iµ'C#%'Q #F&'Q B'I +B#F&($&+Q+&$#. 

;+C "#$DT&'Iµ+ LµOH &$ $%&#C'-'K#%G "+"'µTC$ K#$ C$ IB'F&E(,N'Iµ+ B+(#FFL&+(' 

$I&) &EC IBLD+FE. 

 >' B(O&L%'--' B'I U(EF#µ'B'#'Qµ+ K#$ &EC +V$(µ'K) &'I HFO-TGI +,C$# 

+C&+-PH "#$V'(+&#%L $BL +%+,C' B'I U(EF#µ'B',EF$C '# Ferguson %$# FIC. [Ferguson 

et al 2013].  5+ $I&) &E µ+KG-E B'-I%+C&(#%) &IU$#'B'#EµTCE µ+-T&E B'I T"+#N+ 

U+#(L&+(E T%*$FE µ+ &EC +V$(µ'K) HFO F+ $FD+C+,H µ+ B(P#µ' ARDS 

+V$(µLFDE%$C IME-TH mPaw, %G&# B'I +C"TU+&$# C$ FICT*$--+ F&EC $#µ'"IC$µ#%) 

+B#*G(ICFE &OC $FD+CPC +B#"+#CPC'C&$H &' µ+&$V'(&,' &EH "+N#GH %'#-,$H µ+ 

FICTB+#$ &EC $INEµTCE $CGK%E K#$ $KK+#'FIFB$F&#%G %$# &EC +µVGC#FE 

B'-I'(K$C#%)H $C+BG(%+#$H F&EC 'µG"$ HFO [Guervilly et al 2012, Ferguson et al 

2013]. 4 FIC"I$FµLH HFO-TGI %$# RMs B'I U(EF#µ'B'#)F$µ+ F’ $I&) &E µ+-T&E 

+,C$# B$(Lµ'#'H µ+ &' FIC"I$FµL B'I U(EFEµ'B'#)F$µ+ F+ B('EK'Qµ+CE µ+-T&E 

B'I T"+#N+ FEµ$C&#%) VIF#'-'K#%) *+-&,OFE UO(,H $#µ'"IC$µ#%) +B#*G(ICFE %$DPH 

%$# *+-&#OµTCE +B#*,OFE [Mentzelopoulos et al 2011]. >' ,"#' B(O&L%'--' TU'Iµ+ 

+B,FEH +V$(µLF+# µ+ +B#&IU,$ F$C $+(#FµL "#GFOFEH F+ $FD+C+,H µ+ ARDS %$# 

%($C#'+K%+V$-#%) %G%OFE [Vrettou et al 2013]. =#D$C', µEU$C#Fµ', B'I 

FIC"(Gµ'IC F&EC $#µ'"IC$µ#%) F&$D+(L&E&$ %$&G &EC +V$(µ'K) HFO-TGI 

B+(#-$µ*GC'IC $) &EC +B#F&(G&+IFE %$&P&+(OC BC+Iµ'C#%PC µ'CG"OC µ+ &EC 

B('FD)%E TGI, K+K'CLH B'I +C"+U'µTCOH +-$&&PC+# &#H BC+Iµ'C#%TH $C&#F&GF+#H %$# 

&'C %,C"IC' "IF-+#&'I(K,$H &EH "+N#GH %'#-,$H [Guervilly et al 2012]. *) &EC 

+C,FUIFE &EH $B'*'-)H CO2 µ+ &EC B$(G--E-E +V$(µ'K) TGI %$# "#$VIK)H $BL &'C 

$+'DG-$µ', B('F&$&+Q'C&$H B+(#FFL&+(' &E "+N#G %'#-,$ [Mekontso et al 2009]. 



' QI'

6B#B-T'C, E "#$-+,B'IF$ +V$(µ'K) HFO-TGI +C"TU+&$# C$ TB$#N+ (L-' F&EC 

$B'VIK) $(CE&#%PC FIµ*$µG&OC B'I FU+&,S'C&$# µ+ &EC B$($&+&$µTCE U()FE HFO. 

5&'C =,C$%$ 2 V$,C'C&$# '# $#µ'"IC$µ#%TH B$(Gµ+&('# B'I FU+&,S'C&$# µ+ &E 

-+#&'I(K,$ &EH "+N#$H %'#-,$H LBOH E %+C&(#%) V-+*#%) B,+FE, '# 'B',+H )&$C Lµ'#+H 

F&#H "Q' 'µG"+H $FD+CPC UO(,H &EC $CGK%E U'()KEFEH B+(#FFL&+(OC IK(PC ) 

$KK+#'FIFB$F&#%PC V$(µG%OC. 

 

D)53#53'µ#+'

4 FU+"#$FµLH "#$F&$I('Qµ+CEH "'%#µ)H 2 x 2 UO(,H B+(,'"' T%B-IFEH 

+#F$KGK+# '(#FµTC'IH B+(#'(#Fµ'QH F&EC $N#'-LKEFE &OC $B'&+-+FµG&OC -LKO &EH 

B#D$C)H B$('IF,$H V$#C'µTC'I µ+&$V'(GH. 4 B+(#'(#FµLH $I&LH #FUQ+# F+ %GB'#' 

*$DµL K#$ %GD+ "#$F&$I('Qµ+CE "'%#µ) [Jones et al 2003]. 5IC+"(,+H µ+K$-Q&+(EH 

"#G(%+#$H µB'(+, C$ T"+#UC$C µ+K$-Q&+(E %$# B#' 'µ'#'K+C) +B,"($FE &'I HFO-TGI 

F&'C EVLWI. 0H FEµ+#OD+, L&# K#$ &EC B(EC) DTFE ' U(LC'H B'I $B$#&)DE%+ K#$ C$ 

"#$B#F&OD+, µ+&$*'-) F&'C EVLWI F+ FUTFE µ+ &EC QB&#$ DTFE µEU$C#%'Q $+(#Fµ'Q 

)&$C 18 P(+H [McAuley et al 2002]. =$(G &' '&# &$ VIF#'-'K#%G µ$H "+"'µTC$ "+C 

$C$"+#%CQ'IC µ#$ B$($&+&$µTCE +B,"($FE &'I HFO-TGI, TU+# "+#UD+, µ#$ 

B(''"+I&#%G "#$&E('Qµ+CE *+-&,OFE &EH 'NIKLCOFEH %$# &EH µEU$C#%)H &'I 

$+(#Fµ'Q µ+ +B$C$-$µ*$CLµ+C+H FIC+"(,+H (µTU(# %$# 10 EµT(+H) HFO-TGI. 

=+(#'(#Fµ', &EH &+UC#%)H &EH µE(#$,$H D+(µ'$($,OFEH B+(#-$µ*GC'IC &EC 

IB'+%&,µEFE &'I EVLW F+ C'F)µ$&$ B'I +µB'",S'IC &EC ",'"' &'I "+,%&E µTFO 

&'I BC+Qµ'C$ B.U. F+ µ$S#%) BC+Iµ'C#%) +µ*'-), F'*$(L BC+Iµ'C#%L ',"Eµ$, 

IB'N#%) BC+Iµ'C#%) $KK+#'FQFB$FE %$# +%&'µ) BC+Qµ'C$ [Michard et al 2007]. 5&E 

µ+-T&E µ$H '# $FD+C+,H B'I +,U$C IB'M,$ ) "#GKCOFE BC+Iµ'C#%)H +µ*'-)H 

$B'%-+,'C&$C, +CP L-'# '# $FD+C+,H *(,F%'C&$C F+ B('VI-$%&#%) $KOK) µ+ 



' QJ'

$C&#BE%&#%G. 4# B+(#'(#Fµ', &EH µ$%('U(LC#$H U'()KEFEH TGI B+(#K(GV'C&$# $--'Q 

[Mentzelopoulos et al 2012]. >T-'H, ' "+N#LH %$D+&E(#$FµLH D$ µ$H +BT&(+B+ &EC 

µT&(EFE &OC B#TF+OC +CFV)COFEH %$# &OC B#TF+OC F&EC BC+Iµ'C#%) $(&E(,$, $--G 

'# D+(GB'C&+H #$&(', B('&,µEF$C &EC D+(µ'$($,OFE µ+ TC$ "+,%&E K#$ &EC 

B$($%'-'QDEFE &OC $FD+CPC &'IH µ+ ARDS. 

 

5:.=6705.0>0 

! B+(#'"#%) +V$(µ'K) +B#F&(G&+IFEH µ+ HFO-TGI *+-&#PC+# &EC µEU$C#%) 

&'I $+(#Fµ'Q %$# +C"TU+&$# C$ µ+#PC+# &' EVLW F+ $FD+C+,H µ+ ARDS FIK%(#&#%G 

µ+ &'C B('F&$&+I&#%L CMV. 0I&) E +B,"($FE FU+&,S+&$# µ+ *+-&,OFE &EH 

'NIKLCOFEH.  



' QH'

'#1+$ 1: =79>434??4 >!5 .6?6>!5 

 

 
 
 
 
3$&G &E "#G(%+#$ &'I $+(#Fµ'Q µ+ HFO-TGI '# U+#(#Fµ', +B#F&(G&+IFEH (RMs) 
B($Kµ$&'B'#)DE%$C µ+ %-+#F&L &' TGI %$# B-)(E &'C $+('DG-$µ' &'I 
&($U+#'FO-)C$. 5&' FU)µ$ V$,C'C&$# &$ U('C#%G FEµ+,$ &OC µ+&()F+OC %$# '# 
FICD)%+H $+(#Fµ'Q F&$ FEµ+,$ $I&G. =$('IF#$S'C&$# F$C "#Gµ+F'H 
(+C"'&+&$(&Eµ'(#$%L +Q('H). 
G)J#$ %GD+ $FD+C) '# µ'CTH FIC+"(+,+H (1E %$# LB'I TK#C+ 3E) &IU$#'B'#)DE%$C F&#H 
'µG"+H HF-1 ) HF-2. 4# SIKTH FIC+"(+,+H &'B'D+&)DE%$C F&EC $C&,D+&E 'µG"$ $BL 
&EC B('EK'Qµ+CE. 
H)4# VIF#'-'K#%TH µ+&()F+#H TK#C$C %$&G &$ &+-+I&$,$ 15 -+B&G &EH +V$(µ'SLµ+CEH 
&+UC#%)H $+(#Fµ'Q. 
I)! µEU$C#%) &'I $C$BC+IF&#%'Q +%&#µ)DE%+ µTF$ F+ 1-5 -+B&G µ+&G &EC +B#F&('V) 
F+ CMV. 



' QS'

CMV: FIµ*$&#%LH µEU$C#%LH $+(#FµLH, FiO2: %-GFµ$ +#FBC+Lµ+C'I 'NIKLC'I, 
PEEP: D+&#%) &+-'+%BC+IF&#%) B,+FE, Pplat: &+-'+#FBC+IF&#%) (plateau) B,+FE 
$+($KOKPC, mPaw: µTFE B,+FE $+($KOKPC, ;P: +Q('H B,+FEH &$-GC&OFEH, f: 
FIUCL&E&$ &$-GC&OFEH. 



' QK'

)&,$0$' 1: 07/2365 010=16:5>2365 7:8.25625  

'
=$('IF#GS+&$# E "#Gµ+F'H (+C"'&+&$(&Eµ'(#$%L +Q('H) +%&LH +GC $C$VT(+&$# 
$--#PH. 4# $FD+C+,H F&EC 'µG"$ HF-1, T-$*$C $(U#%G 8 P(+H $+(#FµL µ+ CMV %$# 
$%'-'QDEF$C 8 P(+H $+(#Fµ'Q µ+ HFO-TGI; 4# $FD+C+,H F&EC 'µG"$ HF-2, T-$*$C 
$(U#%G 8 P(+H HFO-TGI %$# $%'-'QDOH 8 P(+H CMV. PBW (Predicted Body 
Weight): B('*-+BLµ+C' FOµ$&#%L *G('H.  
a J#$ &'IH G((+C+H &' B('*-+BLµ+C' FOµ$&#%L *G('H PBW IB'-'K,S+&$# 50 + [QM'H 
(cm)-152.4] x 0.91; K#$ &#H KIC$,%+H 45.5 + [QM'H (cm)-152.4] x 0.91. 
b :B'-'K,FDE%+ B(#C $BL &EC TC$(NE %GD+ FIC+"(,$H.  
c 3$&$K(GVE%+/B('F"#'(,FDE%+ F+ µEU$C#%L $+(#FµL +-+KULµ+C'I LK%'I µ+ F&$D+() 
+#FBC+IF&#%) (').  
d :B'-'K,S+&$# OH µTFE B,+FE $+($KOKPC B('H &' -LK' PaO2/%-GFµ$ +#FBC+Lµ+C'I 
O2. 
e :B'-'K,S+&$# OH ' $C$BC+Lµ+C'H LK%'H B('H &E "#$V'(G &+-'+#FBC+IF&#%) B,+FE-
&+-'+%BC+IF&#%) B,+FE.  

' [\8J' [\8H'
+G9]^E_]7'`ab' JO' JO'
(91=9]5c]937'56<37'`dXefg'hYibjklkm' OUPS'`OUIJ8PUHPb' PUJP'`OUHH8PUPOb'
(91=9]Gn:;<C'nGo95:B:1'`191=93?7edLablkm' HK'`HK8HQb' HP'`HS8SJb'
%1:p'4]=:5'1]E;nc57''`XedLablkm' JHUS'`JJUO8JNUSb' JKUK'`JHUJ8JNUSb'
q5637'];n=9]Gn:;<3De]<=9]Gn:;<5'oE593lkm' JAH' JAH'
"]:;<C':]43]<=9]Gn:;<C'=_]nB'`md[Hrblkm' JH'`JJ8JHb' JH'`JJ8JOb'
%4pnc1'];n=9]5c]93G'rHlkm' IUP'`IUP8IUQb' IUP'`IUP8IURb'
hjrHe<4pnc1'];n=9]5c]93G'rH'`dd[gblkm' JHRUO'`RSUR8JQOUQb' JSJUI'`QRUP8JQJUJb'
hjsrH'`dd[gblkm' KHUS'`SRUN8NSUHb' SR'`SNUO8KNUSb'
*]_<:B7'3tG659@nB7lkmku' IUJQH'`IUJIS8IUHHSb' IUJOQ'`IUJIN8IUJQPb'
,]43];n=9]Gn:;<C'=_]nB''vwjxyjz''`md[Hrblkm' HQUN'`HK8SJb' HOUN'`HNUP8SIUHb'
{?nB'=_]nB'1]E16@6|9`md[Hrblkm' HI'`JP8HHb' JRUN'`JRUN8HHUSb'
!9^3:;<5:B:1'191=9]Gn:;<3D'nGn:Cc1:37'
`dXemd[Hrblkmky'

SNUH'`HJUN8KNUHb' SNUR'`HPUR8SQUPb'

}12c3436_1'~r\Zl' JIUI'`QUHN8JJUIb' JIUN'`RUI8JHUIb'
}12c3436_1'=9]Gc393<C7'>4p>B7l' SUII'`HUPN8SUNIb' HUQQ'`HUON8SUKKb'



' QN'

)&,$0$' 2: 02.4;:10.2365 =070.6>742 

4# &#µTH B$('IF#GS'C&$# OH "#Gµ+F'H (+C"'&+&$(&Eµ'(#$%L +Q('H). ! 'µG"$ HF-1, T-$*+ 
$(U#%G 8 P(+H FIµ*$&#%L µEU$C#%L $+(#FµL (CMV) %$# %$&LB#C 8 P(+H $+(#FµL µ+ HFO-
TGI. ! 'µG"$ HF-2, T-$*+ $(U#%G 8 P(+H µEU$C#%L $+(#FµL µ+ HFO-TGI %$# %$&LB#C 8 P(+H 
FIµ*$&#%L µEU$C#%L $+(#FµL (CMV). MA=: µTFE $(&E(#$%) B,+FE, CI (cardiac index): 
%$("#$%LH "+,%&EH, SVI (stroke volume index): "+,%&EH LK%'I B$-µ'Q, ScvO2: %'(+FµLH 
%+C&(#%'Q V-+*#%'Q $,µ$&'H, GEDI (global end diastolic volume index): "+,%&EH 
&+-'"#$F&'-#%'Q LK%'I, ITBI (intrathoracic blood volume index): "+,%&EH +C"'DO($%#%'Q 
LK%'I $,µ$&'H, CFI (cardiac function index): "+,%&EH %$("#$%)H -+#&'I(K,$H, SVRI (systemic 
vascular resistance index): "+,%&EH FIF&Eµ$&#%PC $KK+#$%PC $C&#F&GF+OC, CVP (central 
venous pressure): %+C&(#%) V-+*#%) B,+FE. 
“HFO-TGI +N$(&EµTCE” p &#µ) (phd) <0.03 "E-PC+# +B,"($FE &'I HFO-TGI.  
“HFO-TGI $C+NG(&E&E” p &#µ)  (phi) <0.03 "E-PC+# +B,"($FE $C+NG(&E&E &'I HFO-TGI. 

)1Epc]:E37' (Eo;<C':;cC' Q'|E]7' JO'|E]7' v�u' v�L'
{Z)'`dd[gb' ' ' ' ' '

[\8J' QNUN'`PNUQ8RQUIb' QKUN'`PQUN8RHUNb' QNUO'`QJUQ8RSUQb' IUJKI' IUOOR'
[\8H' QJUI'`PHUN8RSUSb' QSUQ'`PQUH8RKUNb' QIUI'`PHUN8RSUHb' ' '

%1E^;1<C'nGo95:B:1'
`lyjxÄedLab'

' ' ' ' '

[\8J' JIIUN'`QJUI8JJSUPb' JIJUN'`QKUQ8JJHUQb' JIRUI'`QJUI8JJRUNb' IUHOO' IUSOJ'
[\8H' JIIUI'`QJUI8JJSUIb' RQ'`PNUI8JJHUNb' JIJUN'`QJUQ8JJHUNb' ' '

sW'`XedLaedHb' ' ' ' ' '
[\8J' KUJP'`HUPH8OUOKb' KUHH'`SUNJ8NUKQb' SURO'`SUHH8OUJPb' IUJKK' IUHSR'
[\8H' KUKK'`HUPI8NUORb' KUKH'`SUKK8NUHSb' KUQH'`SUKP8NURHb' ' '

~ÅW'`dXedHb' ' ' ' ' '
[\8J' KOUR'`SSUN8NNUNb' KPUS'`SHUS8NIUNb' KSUI'`HQUN8OHUOb' IUJOK' IUKKN'
[\8H' KRUR'`SIUS8OIUKb' KNUS'`SSUO8NQUIb' KQUS'`SHUS8OPUPb' ' '

~mMrH'`Çb' ' ' ' ' '
[\8J' PQUS'`OKUR8QJUOb' PSUI'`NQUN8QHUKb' QHUK'`POUQ8QQUSb' IUIIJ' IUKIH'
[\8H' POUO'`OPUN8QOUJb' QSUH'`PKUS8RIUKb' PNUK'`PIUN8QHUNb' ' '

ÉÑÖW'`dXedHb' ' ' ' ' '
[\8J' PHO'`OHJ8PQPb' ORI'`NPI8QNHb' PKQ'`NNJ8QNQb' IUKJI' IUQRH'
[\8H' POP'`OHK8QOPb' PNR'`OJN8RJOb' QSJ'`OOJ8RPJb' ' '

WÜYW'`dXedHb' ' ' ' ' '
[\8J' RIQ'`PPO8RQSb' QOH'`PJH8JIONb' RSN'`OQR8JIPSb' IUSRR' IUQPK'
[\8H' RNR'`PQI8JIQSb' RKQ'`POQ8JJKKb' JISQ'`QHO8JHJSb' ' '

s\W'`dLa8Jb' ' ' ' ' '
[\8J' OUK'`NUJ8QUQb' OUR'`KUN8PURb' OUQ'`KUP8QUHb' IUINO' IUHKP'
[\8H' NUQ'`KUJ8PUOb' NUP'`SUN8PUKb' OUK'`KUP8PUOb' ' '

~ÅáW'`uàa'T'Äym'T'md8NT'dHb' ' ' ' ' '
[\8J' JKHQ'`RNQ8JRRJb' JHPI'`JIJN8JPQQb' JSPK'`JJRJ8JRONb' IUHJI' IUPQI'
[\8H' JSJN'`QOO8JQPNb' JSRQ'`JJKS8HIPPb' JHKO'`QQO8JPPJb' ' '

sÅh'`dd[gb' ' ' ' ' '
[\8J' JJUI'`QUI8JNUNb' RUN'`QUI8JKUNb' JJUI'`PUS8JSUQb' IUJJS' IUHHK'
[\8H' JJUN'`JIUI8JOUPb' JJUN'`JIUS8JOUIb' JJUN'`PUS8JNUIb' ' '

âäE1^E]914_9B'
`cgefgedLab'

' ' ' ' '

[\8J' IUIP'`IUIN8IUJRb' IUJH'`IUIK8IUHNb' IUJK'`IUIN8IUHOb' IUSOI' IUJQQ'
[\8H' IUJS'`IUIN8IUHKb' IUJJ'`IUIO8IUSHb' IUJR'`IUIO8IUSKb' ' '

$n3ãD6;3'G6E|9'`dXb' ' ' ' ' '
[\8J' SQN'`NN8QNQb' SRN'`JJO8JIIQb' JQN'`8SSP8JIHNb' IUOSS' IUHOI'
[\8H' KSN'`PQ8JISIb' SQN'`JKQ8JIKNb' SPN'`JII8JIOIb' ' '



' QO'

 
EIKONA 1: 5/6;205.45 .6?6>!5 302 0=4>6?65.0>0 J20 >!1 

4<:J4195! 

 

5U+"#$FµLH µ+-T&EH %$# &#µTH PaO2/FiO2. a) 5U+"#$FµLH µ+-T&EH crossover. .+&G &EC 
$(U#%) +%&,µEFE '# $FD+C+,H &EH B(P&EH 'µG"$H (HF-1) $(U#%G T-$*$C 8 P(+H 
FIµ*$&#%'Q µEU$C#%'Q $+(#Fµ'Q (CMV) %$# $%'-'QDOH 8 P(+H $+(#FµL µ+ HFO-
TGI, +CP '# $FD+C+,H &EH "+Q&+(EH 'µG"$H (HF-2) $(U#%G T-$*$C 8 P(+H µEU$C#%L 
$+(#FµL µ+ HFO-TGI %$# F&E FICTU+#$ 8 P(+H FIµ*$&#%L µEU$C#%L $+(#FµL (CMV). 
b) >' HFO-TGI $CT*$F+ FEµ$C&#%G &' -LK' PaO2/FiO2 %$# F&#H "Q' U('C#%TH 
B+(#L"'IH B'I U(EF#µ'B'#)DE%+ F+ FUTFE µ+ &' CMV. >$ "+"'µTC$ B$('IF#GS'C&$# 
F$C µTFE &#µ) ± &IB#%L FVG-µ$. #: p<0.05 TC$C&# &EH B('EK'Qµ+CEH &#µ)H. ! 
B#D$CL&E&$ V$#C'µTC'I µ+&$V'(GH (carryover) +%&#µ)DE%+ FIK%(,C'C&$H &#H 
"#$V'(TH F&' &T-'H %GD+ B+(#L"'I µ+&$NQ &OC 'µG"OC HF-1 and HF-2 µ+ "'%#µ$F,$ 
Mann-Whitney (d µ+,'C a 1*&*"3 c µ+,'C b) %$# “HFO-TGI $C+NG(&E&E” &#µ) p (phi) < 
0.03 +C"+#%&#%) FEµ$C&#%L&E&$H. ! +B,"($FE &'I HFO-TGI (E "#$V'(G crossover 
µ+&$NQ HFO-TGI %$# CMV) $C$-QDE%+ µ+ FQK%(#FE &OC &#µPC F&' &T-'H %GD+ 
B+(#L"'I (a %$# b 1*&*"3 c %$# d) µ+ Wilcoxon-matched paired test %$# “HFO-TGI 
+N$(&Pµ+CE” p &#µ) (phd) < 0.03 +C"+#%&#%) FEµ$C&#%L&E&$H. 



' QP'

 
!&0*,$ 2: 0=4>6?65.0>0 J20 >41 ;623>! 6<9=16:.41234: 
:;0>45 (EVLWI) 
 

 

a) >' HFO-TGI F+ FIC"I$Fµ' µ+ U+#(#Fµ'QH +B#F&(G&+IFEH (RMs) +BTV+(+ µ+,OFE 
&'I  EVLWI F&EC 'µG"$ HF-2 +CP ' CMV "+C +BT"($F+ FEµ$C&#%G F&'C EVLWI F+ 
%$µµ,$ 'µG"$. =$('IF#GS'C&$# E µTFE &#µ) ± &IB#%L FVG-µ$. #: p<0.05 TC$C&# 
B('EK'Qµ+CEH &#µ)H.  
b) .+µ'COµTC+H "#$V'(TH F&'C EVLWI µ+&$NQ &OC "Q' F&($&EK#%PC $+(#Fµ'Q. 
3GD+ FQµ*'-' $C$VT(+&$# F+ µ,$ FIC+"(,$ %$# $C$B$(#F&G &E "#$V'(G F&EC &#µ) 
&'I EVLWI µ+&G $BL 8 P(+H CMV µ+,'C  &EC &#µ) &'I EVLWI µ+&G $BL 8 P(+H 
HFO-TGI. 4# FIC+"(,+H B'I $V'('QC F&'C ,"#' $FD+C) $C$B$(#F&PC&$# µ+ &' ,"#' 
FQµ*'-'. >$ FQµ*'-$ B'I *(,F%'C&$# BGCO $BL &' µE"TC $C$VT('C&$# F&#H 
FIC+"(,+H %$&G &#H 'B',+H ' EVLWI )&$C U$µE-L&+('H µ+&G $BL HFO-TGI (23/32). 
0I&G %G&O $BL &' µE"TC $C$VT('C&$# F&#H FIC+"(,+H +%+,C+H F&#H 'B',+H ' EVLWI 
*(TDE%+ U$µE-L&+('H µ+&G $BL CMV (9/32).  



' QQ'

 
)

!&0*,$ 3: 5:5/6>25! .6>0W4?!5 4<:J4195!5 302 EVLWI 

 

)

;#GK($µµ$ "#$FB'(GH (scatter plot) K#$ &#H &#µTH &EH µ+&$*'-)H &'I "+,%&E 
+NOBC+Iµ'C#%'Q Q"$&'H  (;EVLWI) %$# &'I PaO2/FiO2 (;PaO2/FiO2) F&' &T-'H &EH 
B+(#L"'I  HFO-TGI F+ FQK%(#FE µ+ &EC TC$(N) &EH. A$,C+&$# %$# E +N,FOFE 
B$-#C"(LµEFEH (+ID+,$ K($µµ))  (Rs=-0.452, p=0.009). :B)(U+ $(CE&#%) FIFUT&#FE 
µ+&$NQ &'I PaO2/FiO2 %$# &EH µ+,OFEH &EH &#µ)H &'I "+,%&E EVLWI %$&G &' HFO-
TGI. 3GD+ FQµ*'-' $C$B$(#F&G µ,$ FIC+"(,$. ]µ'#$ FQµ*'-$ $C$B$(#F&'QC &'C 
,"#' $FD+C). 
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+1#$,&0*' $!%&'+*' +! ($5$,(2(1 "6151' '"#,*(1($' '! 
'",3"$'+* +! !,3*(%$#!&$01 !+/"'1'1 $!%&2, '! 
$'7!,!&' +! -$%" '",3%*+* $,$),!"'(&01' 3"')%$.&$' 0$& 
0%$,&*!.0!/$5&01 0$02'1: MIA )$%!+-$(&01 /"'&*5*.&01 
+!5!(1 
 
6250J9J! 
 

! $C&#µ+&PB#FE $FD+CPC µ+ %($C#'+K%+V$-#%) %G%OFE (363) K,C+&$# 

#"#$,&+($ "QF%'-E L&$C +B#B-T%+&$# $BL &' 5QC"('µ' 4N+,$H 0C$BC+IF&#%)H 

;IFB($K,$H &'I 6C)-#%$  (Acute Respiratory Distress Syndrome- ARDS) [Bratton et 

al 1997, Holland et al 2003]. ! IB'N$#µ,$, E IB+(%$BC,$ %$# E IBL&$FE 

B$($&E('QC&$# FIUCG F&' ARDS, +,&+ F$C $(U#%TH %-#C#%TH +%"E-PF+#H &'I 

FIC"(Lµ'I, +,&$# F$C FICTB+#+H &'I +V$(µ'SLµ+C'I µEU$C#%'Q $+(#Fµ'Q [Mascia et 

al 2007, Young et al 2010]. 4# F&LU'# &'I µEU$C#%'Q $+(#Fµ'Q F+ $FD+C+,H µ+ 363 

B+(#-$µ*GC'IC &LF' &EC +B$(%) 'NIKLCOFE, LF' %$# &EC +B$(%) $B'*'-) &'I 

"#'N+#",'I &'I GCD($%$ (CO2), K#$ &'C T-+KU' &EH +C"'%(GC#$H B,+FEH (Intracranial 

Pressure-ICP) %$# &EH B,+FEH +K%+V$-#%)H G("+IFEH (Cerebral Perfusion Pressure-

CPP) [Young et al 2010, Bratton et al 2007]. 9F&LF', E +V$(µ'K) IME-PC 

$C$BC+Lµ+COC LK%OC %$# $C$BC+IF&#%PC FIUC'&)&OC, $INGC+# &EC B#D$CL&E&$ 

+µVGC#FEH BC+Iµ'C#%)H *-G*EH FU+&#SLµ+CEH µ+ &' µEU$C#%L $+(#FµL (Ventilator 

Induced Lung Injury- VILI) [Mascia et al 2007, Young et al 2010]. 

4 µEU$C#%LH $+(#FµLH µ+ &E U()FE >$-GC&OFEH :ME-)H 5IUCL&E&$H (High 

Frequency Oscillation-HFO) F&'U+Q+# F&E *+-&#F&'B',EFE &EH +B#F&(G&+IFEH &'I 

BC+Iµ'C#%'Q B$(+KUQµ$&'H F&$ B-$,F#$ +CLH B('F&$&+I&#%'Q µ'C&T-'I µEU$C#%'Q 

$+(#Fµ'Q [Imai et al 2005, Derdak 2003, Muellenbach et al 2007, Ferguson et al 

2005, Ferguson et al 2008]. ]µOH &$ "+"'µTC$ B'I $C$VT('C&$# F&EC +B,"($FE B'I 

TU+# &' HFO F&EC $B'*'-) CO2 %$# F&#H $#µ'"IC$µ#%TH µ+&$*-E&TH %$# &EC 

+C"'%(GC#$ B,+FE F+ $FD+C+,H µ+ 363 %$# ARDS +,C$# +-GU#F&$ %$# B('T(U'C&$# 



' RI'

$BL µ#%(TH $C$"('µ#%TH µ+-T&+H B'I B+(#+-Gµ*$C$C F+#(TH $FD+CPC [David et al 

2005, Bennet et al 2007, Young et al 2011]. 5&#H µ+-T&+H $I&TH TU+# $C$V+(D+, GC'"'H 

&EH ICP F+ FIC"I$FµL µ+ B$('"#%) GC'"' &'I $(&E(#$%'Q CO2 %$&G &E "#G(%+#$ &'I 

µEU$C#%'Q $+(#Fµ'Q µ+ HFO [David et al 2005, Bennet et al 2007]. ! IB+(%$BC,$ 

$B'&+-+, FIUCL V$#CLµ+C' %$&G &E "#G(%+#$ &'I HFO $%Lµ$ %$# L&$C 

U(EF#µ'B'#'QC&$# FU+&#%G U$µE-TH FIUCL&E&+H $+(#Fµ'Q ~5 Hz [Derdak et al 2002].  

JCO(,S'Iµ+ '&# E B('FD)%E +C"'&($U+#$%)H +µVQFEFEH $+(,OC (>racheal Gas 

Insufflation-TGI) F&' HFO *+-&#PC+# &EC $B'*'-) CO2  %$# &EC 'NIKLCOFE 

[Mentzelopoulos et al 2007, Mentzelopoulos et al 2010, Mentzelopoulos et al 2011, 

Mentzelopoulos et al 2012]. 5&EC B$('QF$ µ+-T&E IB'DTF$µ+ '&# E +V$(µ'K) 

FIC+"(#PC "#GFOFEH µ+ HFO-TGI F+ $FD+C+,H µ+ *$(Q ARDS %$# 363 D$ +,U+ F$C 

$B'&T-+Fµ$ %$-Q&+(E $C&$--$K) $+(,OC, *+-&,OFE &EH +C"'&#%L&E&$H &'I 

$C$BC+IF&#%'Q FIF&)µ$&'H %$# %$&G FICTB+#$ -#KL&+(' &($Iµ$&#%L FIµ*$&#%L 

µEU$C#%L $+(#FµL, UO(,H "IFµ+C+,H +B#B&PF+#H F&EC ICP %$# &E CPP. 

 

05861625 302 .684;42 

 

 ! µ+-T&E "#+C+(K)DE%+ $BL &'C 2'QC#' &'I 2009 +OH &'C 2'QC#' &'I 2012 

F&EC .'CG"$ 6C&$&#%)H 8+($B+,$H (.68) &'I 1'F'%'µ+,'I “6I$KK+-#FµLH”. ! 

µ+-T&E +,U+ +K%(#D+, $BL &EC 6B#F&Eµ'C#%) 6B#&('B) &'I C'F'%'µ+,'I. J#$ L-'IH 

&'IH $FD+C+,H +,U+ -EVD+, E K($B&) FIC$,C+FE &OC FIKK+CPC.  



' RJ'

J'()*)+% 

 5&E µ+-T&E FIµB+(#-G*$µ+ $FD+C+,H µ+ B(P#µ' (TC$(NE [72 P(+H) ARDS  µ+ 

F'*$() "#$&$($U) &EH 'NIKLCOFEH (PaO2/FiO [100 mmHg) %$&G &E "#G(%+#$ 

µEU$C#%'Q $+(#Fµ'Q µ+ D+&#%) &+-'+%BC+IF&#%) B,+FE (Positive End Expiratory 

Pressure-PEEP) `10 cmH2O %$# F'*$() 363 (*$DµLH F&EC 3-,µ$%$ J-$F%L*EH- 

Glascow Coma Scale GCS score B(' "#$FO-)COFEH < 8). 4 F&LU'H &EH ICP )&$C 

[20 mmHg; FIC+BPH &' %$&PV-# K#$ &EC %-#µG%OFE &EH D+($B+I&#%)H B$(Tµ*$FEH 

(Therapy Intensity Level-TIL) K#$ &'C T-+KU' &EH ICP )&$C > 20mmHg [Young et al 

2010, Bratton et al 2007, Helmy et al 2007]. ! $CO&T(O D+($B+I&#%) B$(Tµ*$FE 

B+(#+-Gµ*$C+ &EC %-,FE &EH %+V$-)H %$&G 20-30º F+ FUTFE µ+ &' '(#SLC&#' +B,B+"', 

&EC &#&-'B',EFE &OC "LF+OC %$&$F&'-)H E/%$# µI'UG-$FEH, &EC $#µ'"IC$µ#%) 

IB'F&)(#NE µ+ F&LU' &E "#$&)(EFE &EH CPP `60 mmHg, &EC IB+('FµO&#%) D+($B+,$ 

%$# &EC B(L-EME &EH IB+(D+(µ,$H.  

 5&$ B('$C$V+(DTC&$ %(#&)(#$ $B'%-+#Fµ'Q [Mentzelopoulos et al 2012], 

+B#B-T'C FIµB+(#-G*$µ+ &EC &#µ) ICP > 30 mmHg %$DPH %$# &E "#GKCOFE 

+K%+V$-#%'Q D$CG&'I %$# &'C Gµ+F' %,C"IC' +K%'-+$Fµ'Q. ! B$($%'-'QDEFE &OC 

$FD+CPC B+(#+-Gµ*$C+ &E FIC+U) B$($%'-'QDEFE &EH E-+%&('%$("#'K($V#%)H 

$B$KOK)H II %$# &'I B+(#V+(#%'Q $(&E(#$%'Q %'(+Fµ'Q F+ 'NIKLC', &EH $#µ$&E()H 

$(&E(#$%)H B,+FEH, &EH %$("#$%)H B$('U)H %$# &'I %$("#$%'Q "+,%&E µ+ &EC µTD'"' 

&EH µE(#$,$H D+(µ'$($,OFEH (PICCO-plus, Pulsion Medical Systems, Munich, 

Germany), &EH %+C&(#%)H D+(µ'%($F,$H, %$# &EH ICP µ+ &E U()FE 

+C"'B$(+KUIµ$&#%'Q %$D+&)($ (Codman® ICP monitoring system, Codman & 

Shurtleff Inc, Raynham, Massachusetts, USA). 



' RH'

!6)A3&'µ9% ",% µ)71",% 

 ;#+C+(K)F$µ+ µ#$ B(''B&#%) µ+-T&E B$(Tµ*$FEH K#$ C$ µ+-+&)F'Iµ+ &#H 

VIF#'-'K#%TH +B#"(GF+#H &OC FIC+"(#PC "#GFOFEH µ+ &EC +V$(µ'K) HFO-TGI F+ 

$FD+C+,H µ+ 363 %$# ARDS. 5&$ B-$,F#$ µ#$H B(LFV$&EH &IU$#'B'#EµTCEH µ+-T&EH 

F+ $FD+C+,H µ+ *$(Q ARDS [Mentzelopoulos et al 2012] TU+# "+#UD+, '&# FIC+"(,+H 

"#G(%+#$H `6 O(PC F+ FIC"I$FµL µ+ +V$(µ'K) U+#(#FµPC +B#F&(G&+IFEH 

(Recruitment Maneuvers-RMs), +B#VT('IC FEµ$C&#%) *+-&,OFE F&EC 'NIKLCOFE %$# 

&#H µEU$C#%TH #"#L&E&+H &'I $C$BC+IF&#%'Q FIF&)µ$&'H, &EC +C"'&#%L&E&$ %$# &#H 

B#TF+#H $+(#Fµ'Q, UO(,H C$ +BE(+GS'IC FEµ$C&#%G &#H $#µ'"IC$µ#%TH B$($µT&('IH. 

! B$(Tµ*$FE B'I +V$(µLF$µ+ $B'&+-'QC&$C $BL 12O(+H FIC+"(,+H HFO-TGI %$# 

RMs µ+&$NQ 12O(OC "#$F&EµG&OC FIµ*$&#%'Q µEU$C#%'Q $+(#Fµ'Q (Conventional 

Mechanical Ventilation-CMV) (5U)µ$ 1). ! B$(Tµ*$FE F&$µ$&'QF+ L&$C K#CL&$C 

+V#%&) E "#$&)(EFE PaO2/FiO2 >100 mmHg µ+ B$(G--E-E "#$&)(EFE 

&+-'+#FBC+IF&#%)H B,+FEH plateau [35 cmH2O µ+ &EC +V$(µ'K) FIµ*$&#%'Q 

µEU$C#%'Q $+(#Fµ'Q K#$ "#GF&Eµ$ µ+K$-Q&+(' &OC 12 O(PC. 

 

D5F"9?#77# ",% µ)71",% - J563?= 8)5+#A#% CMV 

 3$&G &EC +,F'"L &'IH F&E µ+-T&E '# $FD+C+,H *(,F%'C&$C F+ CMV 

+-+KULµ+C'I LK%'I µ+ B$($µT&('IH $+(#Fµ'Q %$D'(#FµTC+H $BL &EC IB+QDICE 

#$&(#%) 'µG"$. 0I&TH '# $C$BC+IF&#%TH B$(Gµ+&('# +,U$C &#&-'B'#ED+, F&'IH 

%$&G--E-'IH FIC"I$Fµ'QH PaO2/FiO2 (F&LU'H `100 mmHg µ+ PaO2 >90 mmHg), 

PaCO2 (F&LU'H=35-45 mmHg), B,+FEH plateau (F&LU'H [35 cmH2O), %$# ICP/CPP. 

=($Kµ$&'B'#'QC&$C $CG-IFE $+(,OC $(&E(#$%'Q $,µ$&'H,  +%&,µEFE &OC µEU$C#%PC 

#"#'&)&OC &'I $C$BC+IF&#%'Q FIF&)µ$&'H µ+ &$U+,$ &+-'+#FBC+IF&#%) %$# 

&+-'+%BC+IF&#%) FQK%-#FE &'I $C$BC+IF&#%'Q %I%-Pµ$&'H [Mentzelopoulos et al 



' RS'

2012] %$# IB'-'K#FµLH &EH *$(Q&E&$H &EH BC+Iµ'C#%)H *-G*EH F&EC %-,µ$%$ Murray 

[Murray et al 1988]. 

 .+&G %$# &EC +B#*+*$,OFE &EH DTFEH %$# &EH *$&L&E&$H &'I +C"'&($U+#$%'Q 

FO-)C$ K#CL&$C E +V$(µ'K) &'I FIF&)µ$&'H TGI [Mentzelopoulos et al 2007] %$# 

µ+&G &EC BG('"' 60 -+B&PC B($Kµ$&'B'#'QC&$C '# VIF#'-'K#%TH µ+&()F+#H F+ CMV 

B'I B+(#+-Gµ*$C$C $CG-IFE $(&E(#$%PC %$# V-+*#%PC $+(,OC $,µ$&'H, &#µTH 

$#µ'"IC$µ#%PC µ+&$*-E&PC %$# ICP %$# &OC B#TF+OC $+(#Fµ'Q, F+ %-GFµ$ 

+#FBC+Lµ+C'I 'NIKLC'I FiO2=1.0 (5U)µ$ 1). 

 

D5F"9?#77# HFO-TGI ?&3 RMs 

 4# $FD+C+,H FIC"T'C&$C F&'C &$-$C&O&) 3100B HFO ventilator 

(Sensormedics, Yorba Linda, California, USA) %$# µ+&G $BL 20 sec HFO $+(#Fµ'Q 

B($Kµ$&'B'#'QC&$C TC$H U+#(#FµLH +B#F&(G&+IFEH (RM) "#G(%+#$H 20 sec µ+ 

FIµB,+FE &'I $C$BC+IF&#%'Q %I%-Pµ$&'H F&$ 40-45 cmH2O +CP &' FQF&Eµ$ 

&$-GC&OFEH B$(Tµ+C+ %-+#F&L. 4# RMs B($Kµ$&'B'#'QC&$C µLC' F+ $FD+C+,H µ+ ICP 

[ 25 mmHg %$# CPP ` 60 mmHg %$&G &E "#G(%+#$ &'I B('EKEDTC&'H CMV. 

3(#&)(#$ "#$%'B)H &OC RMs )&$C E GC'"'H &EH ICP >25 mmHg, +,&+ E B&PFE &EH 

CPP < 60 mmHg %$&G &E "#G(%+#$ &'I RM. 5&#H B+(#B&PF+#H $I&TH '# RMs 

$C$*G--'C&$C TOH &EC +BLµ+CE FIC+"(,$ HFO-TGI. 

 4# $(U#%TH (IDµ,F+#H &'I HFO +,U$C F$C F&LU' &EC *+-&#F&'B',EFE &EH 

BC+Iµ'C#%)H +B#F&(G&+IFEH %$# &'C T-+KU' &'I $(&E(#$%'Q CO2. 6V$(µLF$µ+ 

"#$VIK) $BL &'C $+('DG-$µ' &'I &($U+#'FO-)C$ %$DPH %$# TGI LBOH TU'Iµ+ 

B+(#K(GM+# B('EK'IµTCOH (5U)µ$ 1). J#$ &' F%'BL &EH µ+-T&EH %$&$K(GV'C&$C '# 

VIF#'-'K#%TH µ+&()F+#H ($(&E(#$%G/V-+*#%G $T(#$ $,µ$&'H %$# $#µ'"IC$µ#%TH 

µ+&$*-E&TH/ICP) F&#H 4, 8 %$# 12 P(+H $BL &EC TC$(NE &'I HFO. ! $--E-'IU,$ &OC 



' RK'

RMs, &OC &#&-'B'#)F+OC &EH µTFEH B,+FEH $+(#Fµ'Q (mean airway pressure-mPaw) 

µ+ *GFE &EC 'NIKLCOFE %$# &EH FIUCL&E&$H f %$# &'I +Q('IH &EH &$-GC&OFEH ;7 µ+ 

*GFE &EC &#µ) &'I $(&E(#$%'Q CO2 B+(#K(GV'C&$# F&' 5U)µ$ 1. 6GC µ+&G $BL 12 

P(+H ' -LK'H PaO2/FiO2 B$(Tµ+C+ <100 mmHg E FIC+"(,$ HFO D$ B$($&+,C'C&$C 

K#$ &'I-GU#F&'C 24 P(+H ("E-$") TOH &' &T-'H &EH B('K($µµ$&#FµTCEH FIC+"(,$H 

&EH +BLµ+CEH µT($H) [Mentzelopoulos et al 2012]. 

 5+ +C"+ULµ+CE B+(,B&OFE $CL"'I &EH ICP %$&G 5mmHg BGCO $BL &EC &#µ) 

%$&G &'C $+(#FµL µ+ CMV, ) F+ &#µTH BGCO $B' 30 mmHg K#$ U('C#%L "#GF&Eµ$ >15 

min E FIC+"(,$ HFO D$ "#$%LB&'C&$C %$# ' $FD+C)H D$ FICTU#S+ C$ $+(,S+&$# µ+ 

CMV UO(,H C$ "#+C+(KED+, G--E B$(Tµ*$FE HFO. 6C"+ULµ+C$ +B+#FL"#$ IBL&$FEH 

%$&G &E "#G(%+#$ &OC RMs ) &EH +V$(µ'K)H HFO-TGI (B&PFE &EH µTFEH $(&E(#$%)H 

B,+FEH <70 mmHg) "#G(%+#$H >1 min D$ $C&#µ+&OB,S'C&$C µ+ U'()KEFE C'(-

+B#C+V(,CEH %$#/) µ+ +V’ GB$N U'()KEFE 300-500 mL %(IF&$--'+#"'QH 

[Mentzelopoulos et al 2012]. 

 

D)5+#A#% HFO-TGI µ)"B ",* )>&5µ#4= CMV 

 6GC µ+&G $BL 12 P(+H HFO-TGI ' -LK'H PaO2/FiO2 N+B+(C'QF+ &$ 100 

mmHg '# $FD+C+,H +BTF&(+V$C F+ CMV µ+ &#H B('EK'Qµ+C+H FICD)%+H $+(#Fµ'Q %$# 

FiO2=1.0 K#$ 30 -+B&G. 5&E FICTU+#$ B($Kµ$&'B'#'QC&$C '# µ+&G-HFO-TGI 

VIF#'-'K#%TH µ+&()F+#H. 3$&G &E "#G(%+#$ &OC +BLµ+COC 12 O(PC '# FICD)%+H 

$+(#Fµ'Q %$# '# D+($B+I&#%TH B$(+µ*GF+#H K#$ &'C T-+KU' &EH ICP µB'('QF$C C$ 

"#$µ'(VOD'QC $CG-'K$ µ+ &#H $CGK%+H &'I $FD+C'QH, FQµVOC$ µ+ &$ %(#&)(#$ %$# 

&'IH F&LU'IH B'I TU'Iµ+ $C$VT(+#. ;P"+%$ P(+H µ+&G &EC +BGC'"' F+ CMV 

B($Kµ$&'B'#'QC&$C CT$ +%&,µEFE K#$ &EC FICTU+#$ +V$(µ'K)H HFO-TGI µ+ *GFE &$ 

B('$C$V+(DTC&$ %(#&)(#$ 'NIKLCOFEH %$# B,+FEH plateau. >$ &+-+I&$,$ 60 -+B&G 



' RN'

%GD+ B+(#L"'I CMV $C&#F&'#U'QF$C F&EC B('-HFO-TGI CMV B+(,'"' &EH 

+BLµ+CEH µT($H (5U)µ$ 1). 4# VIF#'-'K#%TH µ+&()F+#H B('-HFO-TGI CMV 

B($Kµ$&'B'#'QC&$C F+ FiO2=1.0 K#$ `15 min. 

 

!$77#4= A)A#µ1*F* ?&3 '"&"3'"3?= &*B7$', 

 3$&G &E "#G(%+#$ &EH µ+-T&EH E FI--'K) &OC VIF#'-'K#%PC µ+&()F+OC 

K#CL&$C %$&G 5-+B&$ U('C#%G "#$F&)µ$&$ F&$ B('$C$V+(DTC&$ 5 U('C#%G FEµ+,$ 

(5U)µ$ 1).  5+ %GD+ 5-+B&' "#GF&Eµ$, '# µ+&$*-E&TH B'I +,U$C FIC+U) 

B$($%'-'QDEFE %$&$K(GV'C&$C %GD+ -+B&L %$# &+-#%G FEµ+#OCL&$C E µTFE &#µ). 

ABL F&$D+(TH +N#FPF+#H B('T%IM$C '# &#µTH µ+&$*-E&PC LBOH E %$("#'BC+Iµ'C#%) 

B$(G%$µME, ' (IDµLH $BL"'FEH 'NIKLC'I F&'IH #F&'QH, E CPP, E +C"'&#%L&E&$ &'I 

$C$BC+IF&#%'Q FIF&)µ$&'H %$# ' "+,%&EH 'NIKLCOFEH (oxygenation index - 42). 5&E 

F&$&#F&#%) $CG-IFE FIµB+(#-G*$µ+ &$ FIC'-#%G "+"'µTC$ $BL L-+H &#H EµT(+H &EH 

µ+-T&EH K#$ L-'IH &'IH $FD+C+,H. 

  

 >$ "+"'µTC$ $C$-QDE%$C F+ SPSS (SPSS Statistics version 20 Inc., Chicago, 

Illinois, USA) %$# B$('IF#GS'C&$# F$C µTFE &#µ) ± &IB#%) $BL%-#FE. J#$ &'C T-+KU'  

%$C'C#%L&E&$H &OC  %$&$C'µPC B($Kµ$&'B'#)DE%+ E "'%#µ$F,$ Kolmogorov-

Smirnov. >$ "+"'µTC$ $BL "#$"'U#%TH µ+&()F+#H FIK%(,DE%$C µ+ $CG-IFE 

"#$FB'(GH +B$C$-$µ*$CLµ+COC µ+&()F+OC (repeated measures ANOVA) K#$ TC$ 

within-subjects factor. 5&#H FIK%(,F+#H post hoc TK#C+ "#L(DOFE Bonferroni. >$ 

"+"'µTC$ &EH µEU$C#%)H &'I $+(#Fµ'Q FIK%(,DE%$C µ+ paired t-test. >' $B'"+%&L 

+B,B+"' F&$&#F&#%)H FEµ$C&#%L&E&$H )&$C p<0.05. 

 



' RO'

=(#C &EC TC$(NE &EH µ+-T&EH B($Kµ$&'B'#)F$µ+ $CG-IFE #FUQ'H (G*Power version 

3.1, Duesseldorf University, Duesseldorf, Germany). J#$ µTK+D'H $B'&+-TFµ$&'H 

(effect size) 0.1, B#D$CL&E&$ FVG-µ$&'H &QB'I II/B#D$CL&E&$ FVG-µ$&'H  &QB'I I 

(*/$ -LK')=4/1, FIC'-#%L $(#DµL 40 FIC+"(#PC, 5 +B,B+"$ within-subjects factor 

(&+UC#%) µEU$C#%'Q $+(#Fµ'Q), %$# "#L(DOFE K#$ µE-FV$#(#%L&E&$ 0.3 E $CG-IFE 

$CT"+#N+ µ#$ &#µ) G-V$ 0.044 %$# #FUQ 0.83. 3GC'C&$H &EC +%&,µEFE '&# %GD+ 

$FD+C)H D$ $B$#&'QF+ `3 FIC+"(+,+H HFO-TGI [Mentzelopoulos et al 2012], 

U(+#$SLµ$F&$C &'I-GU#F&'C 13 $FD+C+,H K#$ &EC '-'%-)(OFE &EH µ+-T&EH. 

 

0=4>6?65.0>0 

 5&E µ+-T&E FIµB+(#-G*$µ+ 13 $FD+C+,H µ+ 363 %$# ARDS F&'IH 'B','IH 

U'(EK)F$µ+ FIC+"(,+H HFO-TGI. 5&'C =,C$%$ 1 B$('IF#GS'C&$# &$ $(U#%G 

"+"'µTC$ &OC $FD+CPC, E *$(Q&E&$ &EH 363 F&EC %-,µ$%$  Marshall [Marshall et al 

1992] %$# E C+I('-'K#%) T%*$FE. 3$&G &EC +,F'"' F&E µ+-T&E, 6 $FD+C+,H +,U$C ICP 

> 20 mmHg %$#/) CPP < 60 mmHg. ! FIC'-#%) *$Dµ'-'K,$ TIL )&$C %$&G µTF' 

L(' 17.3±1.4 (+Q('H: 11-28; =,C$%$H 2). 6CCT$ %$# 4 $FD+C+,H U(+#GF&E%$C FIC'-#%G 

3 %$# 4 Eµ+()F#+H FIC+"(,+H HFO-TGI $C&,F&'#U$, FQµVOC$ µ+ &$ %(#&)(#$ 

'NIKLCOFEH B'I +,U$µ+ %$D'(,F+#. 3$µµ,$ $BL &#H FIC+"(,+H "+C U(+#GF&E%+ C$ 

B$($&$D+, ) C$ "#$%'B+,. 5+ 13/43 FIC+"(,+H HFO-TGI (30.2%), '# RMs 

$%I(PDE%$C (n=11) ) "#+%LBEF$C (n=2) (=,C$%$H 3). 

 ;+I&+('K+C) FIµ*Gµ$&$ LBOH GC'"'H &EH ICP > 20 mmHg, %$# B&PFE &EH  

CPP < 60 mmHg µ+ ) UO(,H &$I&LU('C$ +B+#FL"#$ IBL&$FEH %$&$K(GVE%$C F+ 

23/43 EµT(+H µ+-T&EH (53.5%) %$# $C&#F&'#U'QF$C F+ 9/13 $FD+C+,H (69.2%). >$ 

FIµ*Gµ$&$ $I&G $C&#µ+&OB,FDE%$C +B$(%PH µ+ $QNEFE F&' +B,B+"' TIL  %$# 

FICT*EF$C %I(,OH %$&G &E "#G(%+#$ &'I CMV (=,C$%$H 3). >' K+K'CLH $I&L 



' RP'

FIµVOC+, µ+ &EC B$($&E('Qµ+CE *+-&,OFE &OC ICP %$# CPP %$&G &E "#G(%+#$ &'I 

HFO-TGI. 5+ 3/43 (7%) EµT(+H µ+-T&EH E &$I&LU('CE $QNEFE &'I PaCO2 (%$&G >5 

mmHg) %$# &EH ICP (F&$ 23-26 mmHg) µ+&G &E "#$%'B) &'I HFO-TGI 

$C&#µ+&OB,FDE%$C µ+ $QNEFE &'I %$&G -+B&L $+(#Fµ'Q %$&G 1-2 L/min (=,C$%$H 3). 

 3$&G &E "#G(%+#$ &EH µ+-T&EH "+C B$($&E()DE%$C +B#B-'%TH $BL &' HFO 

)/%$# &' TGI [Mentzelopoulos et al 2007], +%&LH &EH B$('"#%)H IBL&$FEH %$&G &$ 2 

B(P&$ -+B&G &EH TC$(NEH &'I HFO-TGI. ! +B#B-'%) $I&) B$($&E()DE%+ $µTFOH 

µ+&G &' U+#(#FµL +B#F&(G&+IFEH F+ 9/43 FIC+"(,+H (20.9%) B'I $C$-'K'QF$C F+ 6/13 

$FD+C+,H (46.2%). 5+ L-+H &#H B+(#B&PF+#H '# $#µ'"IC$µ#%TH B$(Gµ+&('# 

$B'%$&$F&GDE%$C F&$ +B,B+"$ B(#C &EC TC$(NE &'I HFO-TGI µTF$ F+ 15 -+B&G µ+&G 

&EC B$('"#%) $QNEFE &OC U'(EK'Qµ+COC $KK+#'FIFB$F&#%PC %$# &EC +V’ GB$N 

U'()KEFE IK(PC (6#%LC$ 1).  

 

!$*(=?)% &)53'µ#@ ?&3 &8#")71'µ&"& >$'3#7#43?:* µ)"&<7,":* 

 4 +V$(µ'SLµ+C'H $C$BC+Lµ+C'H LK%'H, $C$BC+IF&#%) FIUCL&E&$, %$&G -+B&L 

$+(#FµLH %$# D+&#%) &+-'+%BC+IF&#%) B,+FE )&$C 8.3±0.2 mL/Kg B('*-+BLµ+C'I 

FOµ$&#%'Q *G('IH, 26.6±0.8 $C$BC'TH/min, 15.0±0.4 L/min, and 14.6±0.4 cm H2O, 

$C&,F&'#U$. 5&'C B,C$%$ 2 B$('IF#GS'C&$# '# (IDµ,F+#H &'I HFO-TGI (%$DPH %$# E 

µTFE B,+FE $+($KOKPC mPaw F+ CMV; *-TB+ %$# 5U)µ$ 1), %$# &$ $B'&+-TFµ$&$ 

K#$ &'C "+,%&E 'NIKLCOFEH %$# &E µEU$C#%) &'I $C$BC+IF&#%'Q FIF&)µ$&'H F+ 

CMV. >' HFO-TGI +BTV+(+ FEµ$C&#%) *+-&,OFE F&EC B,+FE plateau %$# F&EC 

+C"'&#%L&E&$ (P<0.01). 

 >$ $B'&+-TFµ$&$ K#$ &' -LK' PaO2/FiO2, &' PaCO2, &' pH, &EC ICP %$# &E 

CPP B$('IF#GS'C&$# F&EC 6#%LC$ 2. 4 -LK'H PaO2/FiO2 )&$C IME-L&+('H %$&G &#H 

FIC+"(,+H HFO-TGI TC$C&# &OC  B('/µ+&G HFO-TGI CMV &#µPC (P<0.01). 



' RQ'

6B#B(LFD+&$,  ' -LK'H PaO2/FiO2 B$(Tµ+#C+ IME-L&+('H µ+&G &E FIC+"(,$ HFO-TGI 

TC$C&# &EH  B('-HFO-TGI &#µ)H (P<0.01). 3$&’ $C$-'K,$, &' HFO-TGI +BTV+(+ 

FEµ$C&#%) *+-&,OFE &'I "+,%&E 'NIKLCOFEH (=,C$%$H 4) &EH %$("#'BC+Iµ'C#%)H 

B$(G%$µMEH, &'I ScVO2 %$# &EH $BL"'FEH 'NIKLC'I F&'IH #F&'QH. (=,C$%$H 5). 

6B#B-T'C, &' PaCO2 %$# &' pH *+-&#PDE%$C µ+&G $BL 4 P(+H F+ HFO-TGI F+ FUTFE 

µ+ &$ B('/µ+&G HFO-TGI +B,B+"$, %$DPH %$# µ+&G $BL 8 P(+H HFO-TGI F+ FUTFE µ+ 

&$  µ+&G HFO-TGI CMV +B,B+"$ (6#%LC$ 2). ! ICP %$# E  CPP +B,FEH +µVGC#F$C 

*+-&,OFE µ+&G $BL 4 P(+H F+  HFO-TGI F+ FUTFE µ+ &#H &#µTH &'IH B(#C/µ+&G &' 

HFO-TGI FIµ*$&#%L $+(#FµL (6#%LC$ 2). >T-'H, $C +N$#(TF'Iµ+ &$ +B+#FL"#$ 

IBL&$FEH B'I FU+&,S'C&$C µ+ &'IH U+#(#Fµ'QH +B#F&(G&+IFEH, &' HFO-TGI "+C 

+BE(T$F+ &#H FIF&Eµ$&#%TH $#µ'"IC$µ#%TH µ+&$*-E&TH (=,C$%$H 5). 



' RR'

5:R!>!5! 

>$ $B'&+-TFµ$&G µ$H IB'F&E(,S'IC &EC +V$(µ'K) &'I HFO-TGI F$C &+UC#%) 

µEU$C#%'Q $+(#Fµ'Q "#GFOFEH F+ $FD+C+,H µ+ F'*$() 363 %$# &$I&LU('CE 

+B#%+,µ+CE $C+BG(%+#$ 'NIKLCOFEH -LKO ARDS. 5&'IH $FD+C+,H µ+ 363 $%LµE %$# 

E )B#$ $(&E(#$%) IB'NIK'C$#µ,$ (B.U. PaO2=55-58 mmHg) µB'(+, C$ B('%$-TF+# 

"#$F&'-) &OC +K%+V$-#%PC $KK+,OC %$# +B#"+,COFE &EH +C"'%(GC#$H IBT(&$FEH 

[Gupta et al 1997]. ! K($µµ#%) FUTFE µ+&$NQ &'I PaCO2 %$# &EH +K%+V$-#%)H 

$#µ$&#%)H (')H %$# LK%'I [Grubb et al 1974] %$D#F&G IB'U(+O&#%L &'C B$(G--E-' 

T-+KU' &'I PaCO2. 

 >$ $B'&+-TFµ$&$ &EH µ+-T&EH $I&)H %$DPH %$# B('EK'Qµ+COC µ+-+&PC 

[Mentzelopoulos et al 2007, .entzelopoulos et al 2011, Mentzelopoulos et al 2012] 

"+,UC'IC '&# E F&($&EK#%) HFO-TGI *+-&#PC+# FEµ$C&#%G &EC 'NIKLCOFE F+ FUTFE 

µ+ &' FIµ*$&#%L µEU$C#%L $+(#FµL. >LF' F+ FUTFE µ+ &' FIµ*$&#%L $+(#FµL, LF' 

%$# F+ FUTFE µ+ &EC +V$(µ'K) µLC' HFO, &' HFO-TGI $INGC+# &EC +B#F&(G&+IFE 

&OC *$F#%PC B+(#'UPC &'I BC+Qµ'C$ [Mentzelopoulos et al 2011]. ! IME-) 

&$UQ&E&$ &EH (')H &'I TGI B#D$CG +C#FUQ+# &'IH µEU$C#Fµ'QH µ+&$V'(GH $+(,OC B'I 

FU+&,S'C&$# µ+ &' HFO, LBOH E µ'(#$%) "#GUIFE, &$ B('V,- $FQµµ+&(OC 

+#FBC+IF&#%PC &$UI&)&OC %$# E $%&#C#%) B(LFµ#NE $+(,OC [Pillow et al 2005, 

Mentzelopoulos et al 2011]. >' TGI +B,FEH $INGC+# &EC T%B-IFE &'I C+%('Q UP('I, 

&'C U'(EK'Qµ+C' $C$BC+Lµ+C' LK%' %$# &'C %IM+-#"#%L $+(#FµL, *+-&#PC'C&$H T&F# 

&EC $B'*'-) &'I CO2 [.entzelopoulos et al 2011, Mentzelopoulos et al 2012]. 

 3$&G &EC +V$(µ'K) &'I HFO-TGI F&EC B$('QF$ µ+-T&E U(EF#µ'B'#)F$µ+ 

%$# &EC &+UC#%) &EH "#$VIK)H $T($ $BL &'C $+('DG-$µ' &'I &($U+#$%'Q FO-)C$, 

%$DOH %$# FIC"I$FµL IME-)H B$(GB-+I(EH (')H, FIUCL&E&$H %$# ;P B'I 

$C&#F&'#U'QC F+ U'(EK'Qµ+C' $C$BC+Lµ+C' LK%' 180-200 mL (5U)µ$ 1, =,C$%$H 4) 



' JII'

[Hager et al 2007]. 4 LK%'H $I&LH $C&#F&'#U+, F+ 65-67% µ+,OFE &'I U'(EK'Qµ+C'I 

LK%'I %$&G &E B+(,'"' &'I B('-HFO-TGI FIµ*$&#%'Q $+(#Fµ'Q %$# $B'&+-+, 

B('F&$&+I&#%) FICD)%E K#$ &'C BC+Qµ'C$ [Ferguson et al 2008]. 5QµVOCE µ+ &'C 

B('F&$&+I&#%L µ$H F&LU' )&$C %$# E *+-&,OFE &OC µEU$C#%PC #"#'&)&OC &'I 

$C$BC+IF&#%'Q FIF&)µ$&'H %$&G &EC B+(,'"' µ+&G &EC +V$(µ'K) HFO-TGI F+ 

FUTFE µ+ &EC B+(,'"' B(#C. (=,C$%$H 4) [Mentzelopoulos et al 2012]. 

 6GC D+O()F'Iµ+ '&# E +-$F&#%L&E&$ &'I DO($%#%'Q &'#UPµ$&'H (Ecw= Chest 

Wall Elastance) B$(Tµ+#C+ F&$D+() %$&G &E "#G(%+#$ &'I B(O&'%L--'I (5U)µ$ 1), 

&L&+ E B$($&E('Qµ+CE $QNEFE &EH +C"'&#%L&E&$H ("E-$"), µ+,OFE &EH 

+-$F&#%L&E&$H &'I $C$BC+IF&#%'Q FIF&)µ$&'H) D$ B(TB+# C$ $C&$C$%-G µ#$ µ+,OFE 

&EH +-$F&#%L&E&$H &'I BC+Qµ'C$ (EL=Lung Elastance) B'I 'V+,-+&$# F&EC 

+B#F&(G&+IFE BC+Iµ'C#%'Q B$(+KUQµ$&'H $BL &' HFO-TGI [Mentzelopoulos et al 

2007]. 6B,FEH, E "#$BC+Iµ'C#%) B,+FE (Ppl= intrapleural pressure) B+(#K(GV+&$# $BL 

&EC +N,FOFE: "Ppl = B,+FE $+($KOKPC x Ecw/(EL+Ecw)" [Gattinoni et al 2004]; $I&L 

FEµ$,C+# '&# K#$ &EC ,"#$ B,+FE $+($KOKPC %$# Ecw, E $QNEFE &EH EL FU+&,S+&$# µ+ 

$QNEFE &EH Ppl. 5&EC B$('QF$ µ+-T&E E µTFE &#µ) &EH  mPaw %$&G &EC +V$(µ'K) 

HFO-TGI N+B+(C'QF+ &EC $C&,F&'#UE &#µ) F+ FIµ*$&#%L µEU$C#%L $+(#FµL %$&G ∼11 

cmH2O (=,C$%$H 4). 5IC+BPH %$# E Ppl )&$C B#D$CG IME-L&+(E %$&G &E "#G(%+#$ 

&'I HFO-TGI FIK%(#&#%G µ+ &'C FIµ*$&#%L µEU$C#%L $+(#FµL. 

 ! $QNEFE &EH Ppl D$ µB'('QF+ C$ TU+# $(CE&#%) +B,"($FE F&E FIF&Eµ$&#%) 

%$# FV$K#&#"#%) V-+*#%) +B#F&('V), C$ µ+#PF+# &EC %$("#$%) B$('U) %$# &E µTFE 

$(&E(#$%) B,+FE, %$# C$ B('%$-TF+# GC'"' &EH ICP, %$# +-G&&OFE &EH CPP [McGuire 

et al 1997]. 0C&,D+&$ B$($&E()DE%+ µ#$ $(U#%) *+-&,OFE &OC ICP %$# CPP µ+ &EC 

TC$(NE &'I HFO-TGI (6#%LC$ 2). =#D$CG $,&#$ K#$ &' V$#CLµ+C' $I&L 

B+(#-$µ*GC'IC 1) &EC B&PFE &EH  mPaw %$&G µ)%'H &'I &($U+#$%'Q FO-)C$ %$&G &E 



' JIJ'

"#G(%+#$ &'I HFO-TGI, E 'B',$ TU+# F$C $B'&T-+Fµ$E µTFE &($U+#$%) B,+FE C$ 

+,C$#  5-6 cmH2O U$µE-L&+(E $BL &EC TC"+#NE &'I $C$BC+IF&)($. 0I&L FEµ$,C+# '&# 

F&EC B$('QF$ µ+-T&E E B($Kµ$&#%) $QNEFE F&E µTFE B,+FE $+($KOKPC %$&G &E 

"#G(%+#$ &'I HFO-TGI )&$C B#D$CLC &EH &GNEH &OC 5-7 cmH2O [Mentzelopoulos et 

al 2010]; %$# 2) µ#$ BC+Iµ'C#%) +B#F&(G&+IFE B'I 'V+,-+&$# F&' HFO-TGI UO(,H &EC 

+µVGC#FE IB+("#G&$FEH [Mentzelopoulos et al 2011]; %G&# &T&'#' +,C$# FQµVOC' µ+ 

&$ +IC'Y%G $B'&+-TFµ$&$ F&EC 'NIKLCOFE, &EC %$("#'BC+Iµ'C#%) B$(G%$µME, %$# 

&' PaCO2 (6#%LC$ 2 %$# =,C$%$H 5). .#$ B('EK'Qµ+CE µ+-T&E F+ $FD+C+,H µ+ 

363/ARDS [Mascia et al 2005], T"+#N+ '&# '# ICP %$# CPP B$($µTC'IC F&$D+(TH 

L&$C $IN$CLµ+C+H B#TF+#H $+(#Fµ'Q ($QNEFE &EH PEEP $BL 0 F+ 10 cmH2O) 

*+-&#PC'IC &EC +B#F&(G&+IFE, +CP F&EC B+(,B&OFE $I&) &' PaCO2 "+C +BE(+GS+&$#. 

 6C$--$%&#%TH F&($&EK#%TH µEU$C#%'Q $+(#Fµ'Q K#$ $FD+C+,H µ+ FIC"I$FµL 

*$(#GH 363 %$# ARDS B+(#-$µ*GC'IC &EC B(EC) DTFE, &'C IM)FIUC' +B#%('IF&#%L 

$+(#FµL (high frequency percussive ventilation HFPV) [Young et al 2010], &'C 

FIC"I$FµL CMV-TGI [Martinez-Pérez et al 2004], &EC +NOFOµ$&#%) 'NIKLCOFE 

(pumpless extracorporeal lung assist pECLA) µ+ U()FE EB$(#CEFµTC'I %I%-Pµ$&'H 

[Bein et al 2005], %$# &EC +NOFOµ$&#%) µ+µ*($C#%) 'NIKLCOFE (extracorporeal 

membrane oxygenation ECMO) [Combes et al 2012]. 5U+&#%G µ+ &EC +V$(µ'K) &OC 

"I' B(P&OC &+UC#%PC IBG(U'IC -,K$ µLC' %-#C#%G "+"'µTC$ UO(,H N+%GD$($ 

FIµB+(GFµ$&$ [Young et al 2010]. 4 FIC"I$FµLH CMV-TGI µB'(+, C$ +B#&(TM+# 

-#KL&+(' &($Iµ$&#%TH FICD)%+H CMV µ+ &$I&LU('C' %$-Q&+(' T-+KU' &'I PaCO2 

[Martinez-Pérez et al 2004]. 4 FIC"I$FµLH CMV-TGI +µV$C,S+# &'IH B+(#'(#Fµ'QH 

&'I TGI [Bein et al 2002], UO(,H C$ +B#&(TB+# &EC +B#-'K) "#$VIK)H $BL &'C 

$+('DG-$µ' B('%+#µTC'I C$ µ+#OD'QC '# +%BC+IF&#%TH $C&#F&GF+#H &OC $+($KOKPC. 

4# &+UC#%TH pECLA %$# ECMO FIC"IGS'IC %$-Q&+(E $C&$--$K) $+(,OC %$# 



' JIH'

B('F&$&+I&#%L $+(#µL µ+ +-GU#F&' %,C"IC' B$(+C+(K+#PC $BL &E U()FE 

$C&#BE%&#%PC [Combes et al 2012]. 

 3$&G &'C FU+"#$FµL &EH B$('QF$H µ+-T&EH $C$µTC$µ+ '&# F+ $FD+C+,H µ+ 

F'*$() 363 %GD+ CT' +B+#FL"#'  IB'N$#µ,$H )/%$# IB+(%$BC,$H FU+&#SLµ+C' µ+ &' 

ARDS D$ µB'('QF+ C$ B('%$-TF+# $C$F&(TM#µ+H "#$%IµGCF+#H &EH ICP F+ &#µTH>20 

mmHg [Helmy et al 2007, Young et al 2010]. 6B#B-T'C D+O()F$µ+ '&# E &#µ) ICP 

,FE µ+ 30 mmHg $B'&+-+, &' $CP&$&' L(#' B'I D$ +BT&(+B+ &'C $FV$-) %$# 

$B'&+-+Fµ$&#%L  T-+KU' F&' +B,B+"' &OC [20 mmHg µTFO %-#µG%OFEH &EH 

D+($B+I&#%)H $KOK)H  (TIL) [Stochetti et al 2008]. J#$ &'IH -LK'IH $I&'QH +B#-TN$µ+ 

&' FIK%+%(#µTC' L(#' &LF' K#$ &EC +B#-'K) &OC $FD+CPC &EH µ+-T&EH LF' %$# K#$ &EC 

'-'%-)(OFE &EH B$(Tµ*$FEH µ+ HFO-TGI. .+ $CG-'K' F%+B&#%L %$# $C$V'(#%G µ+ 

&'IH U+#(#Fµ'QH +B#F&(G&+IFEH (RMs), +B#-TN$µ+ &' $CP&$&' L(#' "ICP=25 mmHg", 

"#L&# $C$µTC$µ+ '&# %GD+ +C"+ULµ+CE GC'"'H &EH ICP %$&G &E "#G(%+#$ &OC 

U+#(#FµPC $I&PC D$ )&$C &EH &GNEH  [5 mmHg, V&GC'C&$H T&F# µ#$ µTK#F&E &#µ) [30 

mmHg. 4# B('*-TM+#H $I&TH *$F,S'C&$# F+ $B'&+-TFµ$&$ B('EK'Qµ+CEH µ+-T&EH 

%$&G &EC 'B',$ +,U+ U(EFEµ'B'#ED+, &' ,"#' L(#' F&EC ICP, >25 mmHg F$C %(#&)(#' 

K#$ &E "#$%'B) &OC  U+#(#FµPC +B#F&(G&+IFEH [Bein et al 2002]. 

 3$&G &E "#G(%+#$ &'I FIµ*$&#%'Q µEU$C#%'Q $+(#Fµ'Q +-+KULµ+CEH B,+FEH 

TC$H U+#(#FµLH +B#F&(G&+IFEH "#G(%+#$H 60 sec ' 'B','H B('%$-+, GC'"' &EH 

µTK#F&EH B,+FEH $+($KOKPC +OH %$# 60 cmH2O (+B,B+"' B'I "#$&E(+,&$# K#$ 30 sec) 

+C"TU+&$# C$ +-$&&PF+# &EC µTFE $(&E(#$%) B,+FE %$&G ∼15% %$# C$ B('%$-TF+# 

GC'"' &EH ICP %$&G ∼23%, µ+ &$I&LU('CE µ+,OFE %$&G ∼17% F&E CPP [Bein et al 

2002]. 5&EC B$('QF$ µ+-T&E +V$(µLF$µ+ FIC+U) D+&#%) B,+FE 40-45 cmH2O K#$ 

U('C#%L "#GF&Eµ$ 20 sec. 5+ 9 FIC+"(,+H HFO-TGI ' B(P&'H U+#(#FµLH 

+B#F&(G&+IFEH B('%G-+F+ µ+,OFE %$&G ∼35% %$# ∼44% F&EC µTFE $(&E(#$%) B,+FE 



' JIS'

%$# F&EC B,+FE +K%+V$-#%)H G("+IFEH $C&,F&'#U$ TC$C&# &OC &#µPC F+ FIµ*$&#%L 

µEU$C#%L $+(#FµL B(#C &EC +V$(µ'K) HFO-TGI; µTF$ F+ 1-2 min µ+&G &' U+#(#FµL 

+B#F&(G&+IFEH B$($&E()DE%+ GC'"'H &EH ICP %$&G ∼19% TC$C&# &EH &#µ)H B(' &EH 

TC$(NEH HFO-TGI (6#%LC$ 1). >T&'#$ "+I&+('K+C) FIµ*Gµ$&$ $C&#µ+&OB,FDE%$C 

+B$(%PH µ+ µ#$ B('FO(#C) $QNEFE &EH $#µ'"IC$µ#%)H IB'F&)(#NEH %$# µ+ U'()KEFE 

IK(PC (6#%LC$ 1). 6B+#FL"#$ B$('"#%)H IBL&$FEH B'I B('%$-'QC&$# $BL &'IH 

U+#(#Fµ'QH +B#F&(G&+IFEH µB'('QC C$ B('-EVD'QC µ+ &EC $QNEFE &EH 

$#µ'"IC$µ#%)H IB'F&)(#NEH $µTFOH B(#C &EC TC$(N) &OC U+#(#FµPC [Borges et al 

2006].  >$ %(#&)(#$ $%Q(OFEH &OC U+#(#FµPC $I&PC &$ 'B',$ +,U$C &+D+, $BL &' 

FU+"#$FµL &EH µ+-T&EH B#D$CG +NG-+#M$C &'C %,C"IC' +µV$C#FEH F'*$(L&+(OC 

+B#B-'%PC F&'IH B+(#FFL&+(' +IB$D+,H $FD+C+,H &EH µ+-T&EH (=,C$%$H 3). 8$ B(TB+# 

$%Lµ$ C$ FEµ+#OD+, '&# +B+#FL"#$ IBL&$FEH +µV$C,FDE%$C µLC' F&'C B(P&' 

U+#(#FµL +B#F&(G&+IFEH %$# "+C B$($&E()DE%$C F+ +BLµ+C'IH U+#(#Fµ'QH %$&G &E 

"#G(%+#$ &EH ,"#$H FIC+"(,$H. (6#%LC$ 1). 6,C$# B#D$CL '&# E *+-&#F&'B',EFE &'I 

+C"$KK+#$%'Q LK%'I FICT*$--+ F&EC B(L-EME &T&'#OC +B+#F'",OC %$&G &'IH 

+BLµ+C'IH U+#(#Fµ'QH %GD+ FIC+"(,$H [Borges et al 2006]. 

 4# B+(#'(#Fµ', &EH µ$%(LU('CEH +V$(µ'KEH TGI B+(#-$µ*GC'IC &' 

+C"+ULµ+C' CT%(OFEH )/%$# $#µ'(($K,$H &'I *-+CC'KLC'I -LKO &EH +V$(µ'SLµ+CEH 

IME-)H (')H $+(,OC ) &EH &$-GC&OFEH &'I %$D+&)($ µ+FO &'I 'B','I U'(EK+,&$# 

TGI [Nahum 1998, Sznajder et al 1989], &EC FIFFP(+IFE &OC +%%()F+OC %$# &EC 

+C"+ULµ+CE µ+(#%) ) B-)(E $BLV($NE &'I $+($KOK'Q $BL $B'NE($µTC+H +%%()F+#H 

F+ +C"+ULµ+CE $C+B$(%) +VQK($CFE &OC $+(,OC &'I  TGI  [Burton et al 1991], %$# &E 

"IC$µ#%) BC+Iµ'C#%) IB+("#G&$FE, &EC $#µ'"IC$µ#%) +B#*G(ICFE %$# &'C 

BC+Iµ'DP($%$ -LKO B$(+µBL"#FEH &EH +%BC')H $BL &' TGI [Nahum 1998]. b--+H 

B#D$CTH +B#B-'%TH B+(#-$µ*GC'IC&EC +µ*'-) $T($ &EC B$(+µBL"#FE &OC 



' JIK'

$C$(('V)F+OC &'I $+($KOK'Q $BL &'C %$D+&)($ TGI [38], &EC $BLV($NE &'I 

&+-+I&$,'I $BL +%%()F+#H, %$# &EC $B'IF,$ I-#%'Q +#"#%G FU+"#$FµTC'I K#$ &E 

U'()KEFE TGI F&' +µBL(#' [Nahum 1998]. 3$&G &EC +V$(µ'K) &'I F&EC µ+-T&E µ$H 

U(EFEµ'B'#)F$µ+ FQF&Eµ$ +VQK($CFEH %$# B+(#'(,F$µ+ &' U(LC' +V$(µ'K)H F+ [12 

P(+H [Mentzelopoulos et al 2012]. 6B#B-T'C %$&G &E "#G(%+#$ &'I HFO-TGI 

+V$(µLF$µ+ "#$VIK) $T($ $BL &'C $+('DG-$µ' &'I &($U+#'FO-)C$ B('%+#µTC'I C$ 

$IN)F'Iµ+ $B'&+-+Fµ$&#%G &' +Q('H &EH +%BC+IF&#%)H '"'Q, C$ µ+#PF'Iµ+ &'C 

%,C"IC' +µVGCEFEH IB+("#G&$FEH %$# C$ *+-&#PF'Iµ+ &EC $B'*'-) CO2 

[Mentzelopoulos et al 2010, Mentzelopoulos et al 2012]. 

 3$&G &EC B$('QF$ µ+-T&E E B$($%'-'QDEFE &EH +K%+V$-#%)H #F&#%)H 

'NIKLCOFEH (SpbO2) D$ B$(+,U+ &E "IC$&L&E&$ C$ µ+-+&ED+, E FUTFE $CGµ+F$ F&E 

*+-&,OFE &EH 'NIKLCOFEH &'I $(&E(#$%'Q $,µ$&'H %$&G &E "#G(%+#$ &'I HFO-TGI 

%$# &EC 'NIKLCOFE &'I +K%+V$-#%'Q B$(+KUQµ$&'H. 8$ +,U+ +B+,FEH +C"#$VT('C E 

&$I&LU('C) +V$(µ'V) "#$%(GC#$H IB+(EU'K($V,$H Doppler K#$ C$ µ+-+&ED+, E 

+B,"($FE &'I HFO-TGI F&EC +K%+V$-#%) $#µ$&#%) ('). >T-'H E µ+-T&E µ$H "+C 

B+(#-$µ*GC+# 'µG"$ +-TKU'I %$# "+C +,C$# &IU$#'B'#EµTCE. =$(TU+# OF&LF' &$ 

B(P&$ %-#C#%G "+"'µTC$ FU+&#%G µ+ &EC "IC$&L&E&$ +V$(µ'K)H, &EC 

$B'&+-+Fµ$&#%L&E&$ %$# &EC $FVG-+#$ &'I HFO-TGI F+ $FD+C+,H µ+ 363 %$# *$(Q 

ARDS. 

 
5:.=6705.0>0 
 
 ! +V$(µ'K) &EH &+UC#%)H µEU$C#%'Q $+(#Fµ'Q µ+ &$-$C&O&) IME-PC 

FIUC'&)&OC F+ FIC"I$FµL µ+ &EC &($U+#$%) +µVQFEFE $+(,OC (HFO-TGI) B('%$-+, 

*+-&,OFE &EH 'NIKLCOFEH %$# &OC µEU$C#%PC #"#'&)&OC &'I BC+Qµ'C$ UO(,H C$ 

B('%$-+, $(CE&#%TH +B#B&PF+#H F&#H $#µ'"IC$µ#%TH B$($µT&('IH, &EC $B'*'-) CO2, 

&EC ICP %$# &EC CPP L&$C U(EFEµ'B'#+,&$# K#$ &'C µEU$C#%L $+(#FµL $FD+CPC µ+ 



' JIN'

363 %$# *$(Q ARDS. 4# +V$(µ'K) U+#(#FµPC +B#F&(G&+IFEH µB'(+, C$ TU+# 

$#µ'"IC$µ#%TH +B#B&PF+#H %$# K#$ &' -LK' $I&L +C"TU+&$# C$ U(+#$F&) "#$%'B) ) 

µ$&$,OF) &'IH.  



' JIO'

'#1+$ 1: ;20J70..0 >!5 .6?6>!5 

 

 

5UEµ$&#%) $C$B$(GF&$FE &'I B(O&'%L--'I. CMV-conventional mechanical 
ventilation, FIµ*$&#%LH µEU$C#%LH $+(#FµLH; RM-recruitment maneuver, U+#(#FµLH 
+B#F&(G&+IFEH; HFO-high frequency oscillation, &$-GC&OFE IME-)H FIUCL&E&$H; 
TGI-tracheal gas insufflation, &($U+#$%) +µVQFEFE $+(,OC; mPaw- mean airway 
pressure, µTFE B,+FE $+($KOKPC; f, $C$BC+IF&#%) FIUCL&E&$; ;P, +Q('H &EH B,+FEH 
&EH &$-GC&OFEH; minV-minute ventilation, %$&G -+B&L $+(#FµLH; FiO2-fractional 
inspired oxygen, %-GFµ$ +#FBC+Lµ+C'I 42.  
*, =+(#-$µ*GC+# 1) +B#*+*$,OFE &EH FOF&)H DTFEH %$# &EH *$&L&E&$H &'I 
&($U+#$%'Q FO-)C$ µ+ $%&#C'K($V,$ DP($%'H %$# *('KU'F%LBEFE "#G(%+#$H [10-
sec $C&,F&'#U$ 2) +#F$KOK) &'I %$D+&)($ TGI %$# &'B'DT&EFE &'I G%('I &'I 
%$D+&)($ 0.5-1.0 cm BT($C &'I G%('I &'I &($U+#$%'Q FO-)C$ LBOH TU+# B+(#K($V+, 
B('EK'IµTCOH %$# 3) &('B'B'#)F+#H &OC B$($µT&(OC $+(#Fµ'Q µ+ F&LU' &EC 
*+-&#F&'B',EFE &'I PaCO2, &EH +C"'%($C,'I B,+FEH %$# &EH B,+FEH plateau.  
†, ;#G(%+#$ &EH B+(#L"'I LBOH V$,C+&$# &EC EµT($ µ+-T&EH 1; F+ +BLµ+CE EµT($ 
$B'&+-'QF+ &' 60-min U('C#%L "#GF&Eµ$  B(' HFO-TGI CMV B'I $%'-'ID'QF+ &EC 
11-O(E B+(,'"' µ+&G HFO-TGI CMV &EH B('EK'Qµ+CEH EµT($ µ+-T&EH.  
§, 0CG-'K$ µ+ &E "#Gµ+&(' &'I &($U+#$%'Q FO-)C$ (9.0, 8.5, or 8.0 mm) E  mPaw 
)&$C  10, 12, or 15 cmH2O $C&,F&'#U$ IME-L&+(E $BL +%+,CE %$&G &'C  CMV. 
‡, =($Kµ$&'B'#+,&$# µ+ &E FIµB,+FE &'I $C$BC+IF&#%'Q %I%-Pµ$&'H &'I HFO F&$ 
40-45 cmH2O K#$ 20s µ+ &' B#F&LC# &'I &$-$C&O&) +%&LH -+#&'I(K,$H.  
**, =('%$-+,&$# µ,$ B&PFE  3-5 cmH2O F&EC mPaw, B'I $C$F&(TV+&$# µ+ 
B('F$(µ'K) &EH *$-*,"$H &EH mPaw; E "#$((') $BL &'C $+('DG-$µ' +K%$D,F&$&$# 
$µTFOH µ+&G &'C B(P&' U+#(#FµL +B#F&(G&+IFEH. 
#,K#$ &EC &#µ) &'I  PaCO2 F&' HFO-TGI +,U$µ+ F&LU' &$ 30-50 mmHg. 
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(9|:]EB'<14C'?<>1nB'`Ér~ÑñQbk'aäenG934;<5'aä'`Çbd'
%1:|:]EB'<14C'?<>1nB'`Ér~ÑñPbk'aäenG934;<5'aä'`Çbd'
"p91:37'`Ér~ÑñJbk'aäenG934;<5'aä'`Çba'

'
NeJS'`SQUNb'
HeJS'`JNUKb'
OeJS'`KOUHb'

'
'

4# &#µTH B$('IF#GS'C&$# F$C µTFE &#µ) ± F&$D+() $BL%-#FE +%&LH +GC 
B('F"#'(,S'C&$# "#$V'(+&#%G. 363, %($C#'+K%+V$-#%) %G%OFE; CT, (computed 
tomography) $N'C#%) &'µ'K($V,$; PBW, (predicted body weight) B('*-+BLµ+C' 
FOµ$&#%L *G('H; ARDS, (acute respiratory distress syndrome) FQC"('µ' 
$C$BC+IF&#%)H "IFB($K,$H &'I +C)-#%$; GOSE, Glasgow Outcome Scale Extended.  
a,J#$ &'IH GC"(+H &'  PBW IB'-'K,S+&$# 50 + [QM'H (cm) -152.4] x0.91; K#$ &#H 
KIC$,%+H 45.5 + [QM'H (cm) -152.4] x 0.91. 
b, 0C$VT(+&$# F&' U('C#%L "#GF&Eµ$ B'I µ+F'-G*EF+ $BL &EC 363 +OH &EC +,F'"' 
F&E µ+-T&E. 



' JIQ'

c
,
  ;Q' $FD+C+,H µ+ +B#F%-E(,"#' $#µG&Oµ$ %$# 2 µ+ IB'F%-E(,"#' $#µG&Oµ$ 
IB'*-)DE%$C F+ U+#('I(K#%) +BTµ*$FE K#$ &EC B$('UT&+IFE &OC $#µ$&OµG&OC %$&G 
&#H 3 B(P&+H P(+H µ+&G &EC +#F$KOK) F&' C'F'%'µ+,'; 5+ +BLµ+CE CT +K%+VG-'I, 3 
$FD+C+,H +,U$C "#GUI&E *-G*E F&$",'I III %$# 1 $FD+C)H (' 'B','H IB'*-)DE%+ F+ 
$B'FIµB#+F&#%) %($C#+%&'µ)) +,U+ "#GUI&E *-G*E F&$",'I IV . 
d, ;Q' $FD+C+,H µ+ +C"'+K%+V$-#%L $#µG&Oµ$ IB'*-)DE%$C F+ %'#-#'F&'µ,$; F+ 
+BLµ+CE CT +K%+VG-'I, TC$H $FD+C)H +µVGC#S+ "#GUI&E *-G*E F&$",'I III %$# TC$H 
F&$",'I II. 
e, ]BOH %$D'(,FDE%+ 12 P(+H µ+&G &EC +,F'"' F&E µ+-T&E. 
f, =('F"#'(#FµLH/%$&$K($V) 10 min µ+&G &EC +,F'"' F&E µ+-T&E. 
g, 3$# F&'IH 4 $FD+C+,H, E TKUIFE D+#'B+C&G-EH 6 mg/kg/hour N+%,CEF+ µTF$ F+ 24 
P(+H B(#C &EC +,F'"' F&E µ+-T&E, -LKO &EH IME-)H +C"'%(GC#$H B,+FEH, E 'B',$ 
N+B+(C'QF+ &$ 30 mmHg, B$(G &' FIC"I$FµL $C$#FDEF,$H µ+ 
µ#F$S'-GµE/B('B'VL-E, IB+('FµO&#%)H D+($B+,$H %$# $QNEFEH &'I %$&G -+B&L 
$+(#Fµ'Q.   
h, :B'-'K#SLµ+CE OH +N)H: (.TFE B,+FE $+($KOKPC/PaO2/%-$Fµ$&#%) FIK%TC&(OFE 
O2) x 100. 
i, :B'-'K#SLµ+CE OH +N)H: 0C$BC+Lµ+C'H LK%'H/(>+-'+#FBC+IF&#%) B,+FE-
&+-'+%BC+IF&#%) B,+FE). 
k, 0C$VT(+&$# F&' U('C#%L "#GF&Eµ$ µ+&$NQ &EH "#GKCOFEH &'I ARDS %$# &EH 
+#FL"'I F&E µ+-T&E. 
l, XC"+%$ $FD+C+,H +,U$C F'*$() $µV'&+(LB-+I(E BC+Iµ'C,$ &'I $C$BC+IF&)($ $BL 
Klebsiella pneumoniae, (n=5), Acinetobacter baumannii (n=4), %$# Pseudomonas 
aeruginosa (n=2); >TFF+(#H $FD+C+,H +,U$C $µV'&+(LB-+I(+H BC+Iµ'C#%TH *-G*+H 
+CP TC$H $BL $I&'QH +µVGC#S+ %$# µ,$ B+(#'U) BQ%COFEH µ+ B$('IF,$ 
$+('*('KU'K(Gµµ$&'H B'I $B'"LDE%+ F+ BC+Iµ'C,$ $BL Acinetobacter baumannii; 
6B,FEH TC$H $FD+C)H T-$*+ µ$S#%) µ+&GKK#FE µ+ B$(GKOK$ $,µ$&'H µTF$ F+ 48 P(+H 
µ+&G &EC +#F$KOK) &'I F&' C'F'%'µ+,'.    
m, ]BOH %$D'(,S+&$# 3 µ)C+H µ+&G &EC TN'"' $BL &' C'F'%'µ+,'; &$ "+"'µTC$ 
B(')-D$C $BL &' $(U+,' CEH C+I('U+#('I(K#%)H %-#C#%)H &'I C'F'%'µ+,'I 
6I$KK+-#FµLH.  
n, 0C&#F&'#U+, F+ DGC$&' F&E .68 µTF$ F+ 6-16 µT(+H µ+&G &EC +,F'"' F&E µ+-T&E.   



' JIR'

)&,$0$' 2: W08.4?4J20 >!5 61>05!5 8670=6205 (THERAPY 
INTENSITY LEVEL-TIL) J20 ;20>!7!5! 61;43701205 =265!5 #20 mmHg 
30>0 >!1 6254;4 5>! .6?6>! 
'

#:?JKLM)9NJ>OABM)

PQAR?9;:>NSTUV)) J' Hj' S' K' N'j' O' P'j' Q'j' R' JI'j' JJ' JH' JS'j'

%4_nB'<]ì14C7' J' J' J' J' J' J' J' J' J' J' J' J' J'

%1:1n:34C'`GèB45:]EB'^5nBb' H' I' H' H' I' I' I' H' H' H' H' H' I'

%1:1n:34C':3G'c]:1>34;nc3Dl' I' N' I' I' N' N' N' I' I' I' I' I' N'

â]GE3cG;<57'1=3<4];nc57' S' S' S' S' S' S' S' S' S' S' S' S' S'

)1E3o?:]GnB'!#ó'òN'dXe�' I' I' I' I' I' I' H' I' H' I' I' I' I'

)1E3o?:]GnB'!#ó'êN'dXe�' I' I' I' I' I' I' I' I' I' I' I' I' I'

ë3EC6BnB'G6E|9m' J' J' J' J' J' J' J' J' J' J' J' J' J'

î6oGnB'93E]=;9]ìE_9B7m' J' J' J' J' J' J' J' J' J' J' J' J' J'

hjsrH''SN8KI'dd[g' J' I' I' I' I' J' I' I' I' I' J' I' I'

hjsrH'SI8SN'dd[g' I' I' H' H' I' I' I' I' H' I' I' H' I'

hjsrH''ôSI'dd[g' I' I' I' I' K' I' I' I' I' I' I' I' I'

{19;:54B'ôH'gefgeHK'�u' H' I' H' H' H' H' H' H' H' I' H' I' H'

/19;:54BöH'gefgeHK'�u' I' S' I' I' I' I' I' I' I' S' I' I' I'

ó=?E:393SÇôIUS'gefgeHK'�u' H' I' I' H' H' H' H' I' H' I' I' H' I'

ó=?E:393SÇ'öIUS'gefgeHK'�u' I' S' I' I' I' I' I' I' I' S' I' I' I'

(9:;c]:|=;nB':3G'=GE]:3Dy' J' J' J' J' I' I' I' J' J' I' J' J' J'

ó=32]Ec_1'?@7'SN'õs' I' I' I' I' H' I' I' I' I' I' I' I' I'

ó=32]Ec_1'`SS8SK'õsb' I' I' I' I' I' N' N' I' I' N' I' I' I'

!9^3<Ep9;1']=?c>1nBï' I' K' I' I' I' I' I' I' I' I' I' I' I'

(=3nGc=;]n:;<C'<E19;]<:3cCg' I' O' I' I' I' I' I' I' I' I' I' I' I'

.BOA=A)TUV)) WX) YZ) W[) W\) YW) YW) YY) WW) W]) YY) WY) W[) W^)

'

'

'



' JJI'

>' FIC'-#%L TIL +,C$# &' %GD+&' GD('#Fµ$ &OC +B#µT('IH *$DµPC. 61:, 
6K%+V$-'CO&#$,' :K(L.  
a,To TIL $IN)DE%+ &#H 3 P(+H B(#C &EC +,F'"' &OC  $FD+CPC F&E µ+-T&E -LKO 
ICP>20 mmHg. 
b, 5IC+U)H TKUIFE D+#'B+C&G-EH TOH 6.0 mg/kg/h ($FD+C+,H . 2, 5, 7, %$# 10) ) TKUIFE 
B('B'VL-EH 4.3 mg/kg/h ($FD+C)H 6 µ+ &$I&LU('CE U'()KEFE µ#"$S'-GµEH 0.2 
mg/kg/h) U(EF#µ'B'#)DE%$C K#$ C$ B+&QU'Iµ+ E-+%&('+K%+V$-'K($V#%) %$&$F&'-)  
F+ FIC"I$FµL µ+ ICP of [20 mmHg. 
c, /(EF#µ'B'#)DE%+ K#$ &E "#$&)(EFE B,+FEH +K%+V$-#%)H T("+IFEH $60 mmHg; 
0#µ'"IC$µ#%) IB'F&)(#NE )&$C $B$($,&E&E -LKO FEB&#%)H %$&$B-EN,$H $BL 
BC+Iµ'C,$ &'I $C$BC+IF&)($ F+ 12 $BL &'IH 13 $FD+C+,H %$# F+ $#µ'(($K#%) 
%$&$B-EN,$ µ+&G $BL +C"#%'#-#$%) +BTµ*$FE K#$ T-+KU' $#µ'(($K,$H F&'C $FD+C) 
no. 3. 
d, ! IB+('FµO&#%) D+($B+,$ U'(EK'QC&$C µ+ &EC B('aBLD+FE '&# E 'FµO&#%L&E&$ 
&'I '('Q "+C N+B+(C'QF+ &#H 320 mOsm/kg H2O. 
e, 8+(µ'%($F,$ FPµ$&'H >38º C; ' BI(+&LH $C&#µ+&OB,FDE%+ µ+ FIC)DE 
$C&#BI(+&#%G %$# µTF$ IB'D+(µ,$H; E $I&Lµ$&E B&PFE &EH D+(µ'%($F,$H <34.5 º C 
$QNEF+ &' *$DµL TIL %$&G 1 . 
f, ;+C )&$C B('K($µµ$&#FµTCE %$&G &EC +,F'"' F&' C'F'%'µ+,' %$# +,U+ TC"+#NE K#$ 
&EC $C&#µ+&PB#FE B(''"+I&#%G $IN$CLµ+CEH F+ µTK+D'H *-G*EH; +#"#%G F&EC 
B+(,B&OFE &'I $FD+C'QH no. 2, IB)(U+ TC$ +B+%&+#CLµ+C' IB'F%-E(,"#' $#µG&Oµ$ 
($BL <0.5 cm BGU'H  F+ "1 cm) B'I +B#*+*$#PDE%+ µ+ +B$C+NT&$FE µ+ CT +K%+VG-'I 
E 'B',$ B($Kµ$&'B'#)DE%+ 24 h µ+&G &EC +,F'"' F&' C'F'%'µ+,'.  
g, =($Kµ$&'B'#)DE%+ "48 P(+H B(#C &EC +,F'"' F&E µ+-T&E.   
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'

4# &#µTH +%V(GS'C&$# F$C µTFE &#µ) ± &IB#%) $BL%-#FE. CMV, conventional 
mechanical ventilation FIµ*$&#%LH µEU$C#%LH $+(#FµLH; HFO, high frequency 
oscillation &$-GC&OFE IME-)H FIUCL&E&$H; TGI, tracheal gas insufflation &($U+#$%) 
+µVQFEFE $+(,OC; B('-HFO-TGI CMV, $C&#F&'#U+, +,&+ F&EC $(U#%) B+(,'"' CMV 
&EH EµT($H 1, ) F&' "#GF&Eµ$ &OC  60-min B'I $%'-'QDEF+ &EC 11 O(E B+(,'"' µ+&G 
HFO-TGI CMV &EH B('EKED)F$H EµT($H; ScvO2, %'(+FµLH F+ O2 &'I %$C&(#%'Q 
V-+*#%'Q $,µ$&'H; MAP- mean arterial pressure, .TFE $(&E(#$%) B,+FE;  BSA-body 
surface area, +B#VGC+#$ FPµ$&'H; DO2, $BL"'FE O2 F&'IH #F&'QH; CVP-central 
venous pressure, %+C&(#%) V-+*#%) B,+FE.   

* P<0.01 TC$C&# B(' HFO-TGI CMV 

 § P<0.05 TC$C&# µ+&G HFO-TGI CMV 
'
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CMV-conventional mechanical ventilation, FIµ*$&#%LH µEU$C#%LH $+(#FµLH; HFO- 
high-frequency oscillation, &$-GC&OFE IME-)H FIUCL&E&$H; TGI-tracheal gas 
insufflation, &($U+#$%) +µVQFEFE $+(,OC; B('-HFO-TGI CMV, $C&#F&'#U+, +,&+ F&EC 
$(U#%) B+(,'"' CMV &EH EµT($H µ+-T&EH 1, ) F&EC  60 -+B&E B+(,'"' B'I 
$%'-'QDEF+ &#H 11 P(+H µ+&G HFO-TGI CMV &EH B('EK'Qµ+CEH EµT($H µ+-T&EH 
(*-TB+ %$# 6#%LC$ 2 F&' %I(,OH U+#(LK($V' %$# &E -+SGC&$); RM- recruitment 
maneuver, U+#(#FµLH +B#F&(G&+IFEH; CI-cardiac index, %$("#$%LH "+,%&EH.  
bCO "#GK($µµ$: ;+"'µTC$ µ+µ'COµTCOC $FD+CPC K#$ &E µTFE $(&E(#$%) B,+FE %$# 
FIC'-#%G "+"'µTC$ K#$ &'C %$("#$%L "+,%&E (B$('IF#GS'C&$# F$C µTFE &#µ) ± &IB#%) 
$BL%-#FE L/min/m2 +B#VGC+#$ FPµ$&'H). .+F$,' "#GK($µµ$: ;+"'µTC$ $FD+CPC K#$ 
&EC +C"'%(GC#' B,+FE. 3G&O "#GK($µµ$: =,+FE +K%+V$-#%)H G("+IFEH.  
>$ +B+#FL"#$ IBL&$FEH ("E-. µTFEH $(&E(#$%)H B,+FEH <70 mmHg) B$($&E()DE%$C 
µTF$ F+ 2 min $BL &EC TC$(NE 9 FIC+"(#PC HFO-TGI; '# &#µTH B'I %$&$K(GM$µ+ 
$D(',F&E%$C K#$ &' U('C#%L "#GF&Eµ$ &OC VIF#'-'K#%PC µ+&()F+OC F+ B('-HFO-
TGI CMV, %$&G &$ B(P&$ 60-s µ+&G &'C B(P&' U+#(#FµL +B#F&(G&+IFEH, &' "+Q&+(' 
"#GF&Eµ$ 60-s µ+&G &'C U+#(#FµL %$# &$  60-s B'I $%'-'QDEF$C &' U('C#%L FEµ+,' 
&EH $B'%$&GF&$FEH &EH B,+FEH F&' ±10% &EH &#µ)H B(' -HFO-TGI CMV; E 
B+(+&$,(O $B'%$&GF&$FE &EH FIF&Eµ$&#%)H B,+FEH %$# &EH +K%+V$-#%)H B,+FEH 
G("+IFEH TK#C+ F+ "#GF&Eµ$ 8.7±3.6 min µ+&G &' U+#(#FµL +B#F&(G&+IFEH.  
4# '(#SLC&#+H µBG(+H "+,UC'IC &E µTFE &#µ) &OC µ+&()F+OC µ+µ'COµTCOC $FD+CPC. 
]-$ &$ "+"'µTC$ B'I $C$VT('C&$# $C$-QDE%$C µ+ $CG-IFE "#$FB'(GH K#$ 
+B$C$-$µ*$CLµ+C+H µ+ TC$ B$(GK'C&$ within-subjects, %$# $%'-'QDEF+ "#L(DOFE  
Bonferroni K#$ S+QKE B'--$B-PC FIK%(,F+OC post hoc  (*-TB+ %$# .TD'"' F&' 
%I(,OH U+#(LK($V').  
*, P<0.01 TC$C&# B('-HFO-TGI CMV  
†, P<0.01 vs. "6C&LH 60 s µ+&G-RM & %$&G &' HFO-TGI" 
§, P<0.01 vs. "6C&LH 1-2 min µ+&G-RM & %$&G &' HFO-TGI" 
‡, P>0.05 and <0.10 TC$C&# B('-HFO-TGI CMV %$# "6C&LH 8.7-9.7±3.6 min µ+&G-
RM & %$&G &' HFO-TGI" 
#, P<0.05 TC$C&# B('-HFO-TGI CMV. 
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CMV-conventional mechanical ventilation, FIµ*$&#%LH µEU$C#%LH $+(#FµLH; HFO-
high-frequency oscillation, &$-GC&OFE IME-)H FIUCL&E&$H; TGI-tracheal gas 
insufflation, &($U+#$%) +µVQFEFE $+(,OC; B('-HFO-TGI CMV, $C&#F&'#U+, +,&+ F&EC 
$(U#%) B+(,'"' CMV &EH 1EH EµT($H µ+-T&EH, ) F&' 60-+B&' "#GF&Eµ$ B'I 
$%'-'QDEF+ &EC 11 O(E B+(,'"' µ+&G HFO-TGI CMV &EH B('EK'Qµ+CEH EµT($H 
µ+-T&EH. 
0(#F&+(G: 0B'&+-TFµ$&$ K#$  PaO2/%-$Fµ$&#%) FIK%TC&(OFE O2 (FiO2) (GCO), 
PaCO2 (µTFE), %$# $(&E(#$%L pH (%G&O) %$&G &E "#G(%+#$ CMV1 ($µTFOH B(#C &EC 
TC$(NE HFO-TGI), F+ HFO-TGI F&#H 4, 8, %$# 12 P(+H, %$# CMV2 ("E-$") 30 min 
µ+&G &E "#$%'B) &'I HFO-TGI). ;+N#G: $B'&+-TFµ$&$ K#$ &EC +C"'%(GC#' B,+FE 
(BGCO) %$# &EC B,+FE +K%+V$-#%)H G("+IFEH (%G&O) B'I TU'IC -EVD+, F&$ ,"#$ 
U('C#%G FEµ+,$. >$ &+&(GKOC$ %$# '# µBG(+H $C&#B('FOB+Q'IC µTF+H &#µTH %$# 
&IB#%TH $B'%-,F+#H $C&,F&'#U$.  
* P<0.01 TC$C&# B(' HFO-TGI CMV 
† P<0.01 TC$C&# µ+&G HFO-TGI CMV  
§, P<0.05 TC$C&# B(' HFO-TGI CMV %$# µ+&G HFO-TGI CMV 
‡, P<0.05 TC$C&# B(' HFO-TGI CMV 
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BAL fluid (BALF) activin A (ActA) levels in ARDS patients ventilated with conventional mechanical 
ventilation (CMV) vs High Frequency Oscillatory ventilation (HFOv) 
 
Vrettou CS,  Stavrakaki K, Mentzelopoulos SD, Glynos K, Karavana V, Zakynthinos SG 
 
INTRODUCTION: HFOv is a lung protective strategy in ARDS with  beneficial effects on lung recruitment 
and ultimately on survival (1). ActA is a cytokine that is elevated in early ARDS(2) but its functional role 
remains unknown.  
 
OBJECTIVES: To measure ActA BALF levels in early ARDS patients treated with HFOv vs ARDS-net 
CMV.  
 
METHODS: Sixteen severe ARDS patients (PaO2/FiO2<150) were randomly assigned to receive HFOv (1) 
until PaO2/FiO2>200 or CMV (ARDS-net). BAL was performed within 24 hours from ARDS onset, before 
randomization. A second BAL sample was obtained four days later. BALF was also collected from 11 control 
patients with no significant respiratory pathology. ActA levels were determined by Elisa. Non-parametric 
statistics were used to compare measurements between different groups. 
 
RESULTS: There were no differences between groups in the patients’ demographic and clinical 
characteristics. BALF main results are shown in figure 1. BALF ActA levels were higher in ARDS patients 
compared to controls (p<0.0001). Post intervention ActA levels remained high in the HFOv group vs baseline 
(p=0.11) whereas they decreased in the CMV group (p<0.05). Notably, post intervention ActA levels in the 
CMV group did not differ from those of controls. These results were associated with improved lung 
mechanics and oxygenation after intervention in the HFO group, compared to stabilization of these variables 
in the CMV group. 
 
CONCLUSIONS: Our results suggest an anti-inflammatory and remediating activity of ActA in early ARDS. 
This activity has also been proposed by in vitro studies (3). Further research is required to better understand 
the role of ActA in human ARDS.  
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High Frequency Oscillatory Ventilation (HFO) combined with Tracheal Gas Insufflation (TGI) as a 
rescue ventilation strategy in patients with Acute Respiratory Distress Syndrome (ARDS) and 
Traumatic Brain Injury (TBI). 
 
Malachias S, Vrettou CS, Zakynthinos SG, Mentzelopoulos SD 
 
INTRODUCTION: Adequate oxygen delivery to the brain and maintenance of cerebral perfusion pressure are 
of paramount importance in the management of TBI patients in order to prevent secondary brain injury. The 
development of ARDS in this group of patients presents a challenge for the intensivist because conventional 
ventilation (CV) may fail to restore normocapnia and normoxemia (1).  
 
OBJECTIVES: To evaluate HFO-TGI as a rescue ventilation strategy in patients with severe TBI and ARDS, 
where the application of CV was associated with severe oxygenation disturbances and/or non-protective tidal 
volumes / plateau pressures to achieve PaCO2 control.  
 
METHODS: We prospectively included patients with severe TBI [pre-intubation GCS < 8), who required an 
intracranial pressure (ICP) protocol: anesthesia with propofol and/or midazolam, PaCO2 control with 
increased minute ventilation, hyperosmolar therapy, and/or induction of barbiturate coma) and severe ARDS 
(PaO2/FiO2 <100 mmHg at positive end-expiratory pressure (PEEP) !10cmH2O with/without plateau 
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CONCLUSIONS: HFO-TGI may effectively reverse severe oxygenation disturbances and improve respiratory 
mechanics in patients with TBI and ARDS, without affecting ICP, PaCO2, and hemodynamics. 
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Abstract 

Purpose: High frequency oscillation combined with tracheal gas insufflation (HFO-

TGI) improves oxygenation in patients with Acute Respiratory Distress Syndrome 

(ARDS). There is limited physiologic data regarding the effects of HFO-TGI on 

hemodynamics and pulmonary edema during ARDS. The aim of this study was to 

investigate the effect of HFO-TGI on extravascular lung water (EVLW). 

Materials and Methods: We conducted a prospective, randomized, crossover study. 

Consecutive eligible patients with ARDS received sessions of conventional 

mechanical ventilation (CMV) with recruitment maneuvers (RMs), followed by HFO-

TGI with RMs, or vice versa. Each ventilatory technique was administered for 8 

hours. The order of administration was randomly assigned. Arterial/central venous 

blood gas analysis and measurement of hemodynamic parameters and EVLW were 

performed at baseline and after each 8-hour period using the single-indicator 

thermodilution technique.  

Results: Twelve patients received 32 sessions. PaO2/FiO2 and respiratory system 

compliance were higher (p<0.001 for both), while EVLW indexed to predicted body 

weight (EVLWI) and oxygenation index were lower (p=0.021 and 0.029, 

respectively) in HFO-TGI compared with CMV. There was a significant correlation 

between PaO2/FiO2 improvement and EVLWI drop during HFO-TGI (Rs=-0.452, p= 

0.009). 

Conclusions: HFO-TGI improves gas exchange and lung mechanics in ARDS, and 

potentially attenuates EVLW accumulation.  
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High-frequency oscillation and tracheal gas
insufflation in patients with severe acute
respiratory distress syndrome and traumatic brain
injury: an interventional physiological study
Charikleia S Vrettou, Spyros G Zakynthinos, Sotirios Malachias and Spyros D Mentzelopoulos*

Abstract

Introduction: In acute respiratory distress syndrome (ARDS), combined high-frequency oscillation (HFO) and
tracheal gas insufflation (TGI) improves gas exchange compared with conventional mechanical ventilation (CMV).
We evaluated the effect of HFO-TGI on PaO2/fractional inspired O2 (FiO2) and PaCO2, systemic hemodynamics,
intracranial pressure (ICP), and cerebral perfusion pressure (CPP) in patients with traumatic brain injury (TBI) and
concurrent severe ARDS.

Methods: We studied 13 TBI/ARDS patients requiring anesthesia, hyperosmolar therapy, and ventilation with
moderate-to-high CMV-tidal volumes for ICP control. Patients had PaO2/FiO2 <100 mm Hg at end-expiratory
pressure ≥10 cm H2O. Patients received consecutive, daily, 12-hour rescue sessions of HFO-TGI interspersed with
12-hour periods of CMV. HFO-TGI was discontinued when the post-HFO-TGI PaO2/FiO2 exceeded 100 mm Hg for
>12 hours. Arterial/central-venous blood gases, hemodynamics, and ICP were recorded before, during (every 4
hours), and after HFO-TGI, and were analyzed by using repeated measures analysis of variance. Respiratory
mechanics were assessed before and after HFO-TGI.

Results: Each patient received three to four HFO-TGI sessions (total sessions, n = 43). Pre-HFO-TGI PaO2/FiO2 (mean
± standard deviation (SD): 83.2 ± 15.5 mm Hg) increased on average by approximately 130% to163% during HFO-
TGI (P < 0.01) and remained improved by approximately 73% after HFO-TGI (P < 0.01). Pre-HFO-TGI CMV plateau
pressure (30.4 ± 4.5 cm H2O) and respiratory compliance (37.8 ± 9.2 ml/cm H2O), respectively, improved on
average by approximately 7.5% and 20% after HFO-TGI (P < 0.01 for both). During HFO-TGI, systemic
hemodynamics remained unchanged. Transient improvements were observed after 4 hours of HFO-TGI versus pre-
HFO-TGI CMV in PaCO2 (37.7 ± 9.9 versus 41.2 ± 10.8 mm Hg; P < 0.01), ICP (17.2 ± 5.4 versus 19.7 ± 5.9 mm Hg; P
< 0.05), and CPP (77.2 ± 14.6 versus 71.9 ± 14.8 mm Hg; P < 0.05).

Conclusions: In TBI/ARDS patients, HFO-TGI may improve oxygenation and respiratory mechanics, without
adversely affecting PaCO2, hemodynamics, or ICP. These findings support the use of HFO-TGI as a rescue
ventilatory strategy in patients with severe TBI and imminent oxygenation failure due to severe ARDS.

Introduction
The management of patients with traumatic brain injury
(TBI) becomes challenging when complicated by acute
respiratory distress syndrome (ARDS) [1,2]. Hypoxemia,

hypercapnia, and hypotension are rather frequent in
ARDS, either as original clinical manifestations, or as con-
sequence(s) of the conventional mechanical ventilation
(CMV) strategy [3-5]. TBI ventilatory goals include ade-
quate oxygenation as well as CO2 elimination for the con-
trol of intracranial pressure (ICP) and cerebral perfusion
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COMMENTARY

High-frequency oscillatory ventilation with
tracheal gas insufflation: the rescue strategy for
brain-lung interaction
Paolo Pelosi1* and Yuda Sutherasan2

See related research by Vrettou et al., http://ccforum.com/content/17/4/R136

Abstract

The occurrence of moderate to severe acute
respiratory distress syndrome due to traumatic brain
injury is not uncommon and is associated with an
extremely high incidence of morbidity and mortality.
Owing to the complex interaction between the lung
and brain, protective ventilation for the lung with
lower tidal volume and higher positive end-expiratory
pressure with or without mild hypercapnia might be
harmful for the brain, and maintaining normocapnia
or mild hypocapnia by increasing tidal volume or
respiratory rate (or both) with lower positive end-
expiratory pressure levels for protecting the brain
might lead to ventilator-induced lung injury. Balancing
the end-point between lungs and brain becomes a
challenging issue, and non-conventional modes of
mechanical ventilation might play a role in the more
difficult clinical cases. In this commentary, the authors
discuss the rationale, based on the physiologic
principle of targeting both vital organs, of applying
high-frequency oscillation and tracheal gas insufflation
in acute respiratory distress syndrome patients with
traumatic brain injury.

Introduction
In this issue of Critical Care, Vrettou and colleagues [1]
introduce the alternative rescue strategies of high-
frequency oscillation (HFO) and tracheal gas insufflation
(TGI) in acute respiratory distress syndrome (ARDS)
patients with traumatic brain injury (TBI). A quarter
of patients with TBI develop subsequent pulmonary

* Correspondence: ppelosi@hotmail.com
1IRCCS AOU San Martino-IST, Department of Surgical Sciences and Integrated
Diagnostics, University of Genoa, Largo Rosanna Benzi 8, 16132, Genova, Italy
Full list of author information is available at the end of the article

dysfunction and are associated with high mortality. The
main mechanisms of aggravating lung injury are stimula-
tion of systemic inflammatory response and decreasing
of lung tolerance to stress [2]. The evidence from animal
models is that massive brain injury can increase the risk
of ventilator-induced lung injury (VILI) [3-5].
The ventilator management in ARDS comprises low

tidal volume (VT) of 6 mL/kg ideal body weight, limited
plateau pressure of the respiratory system at 30 cm H2O,
and maintenance of the partial pressure of arterial oxy-
gen (PaO2) at between 55 and 80 mm Hg. This strategy
may cause permissive hypercapnia to negatively affect
intracranial pressure (ICP) by cerebral vasodilation in
patients with severe TBI. Additionally, the increased ICP
in combination with low PaO2 might promote cerebral
tissue hypoxia. Therefore, a low VT strategy may result
in a progressive deterioration of neurological outcome.
The main end-points of mechanical ventilator man-

agement in severe TBI are maintaining the partial pres-
sure of carbon dioxide (PaCO2) at between 31 and 35
mm Hg and maintaining PaO2 at more than 60 mm Hg
or 100 mm Hg [6,7]. Trying to ventilate TBI patients
with VT to keep that range of PaCO2 can aggravate VILI
in patients either at risk of ARDS or with ARDS [8] (Fig-
ure 1). It was recently shown that higher VT ventilation
can be associated with higher morbidity and mortality in
patients with non-previously injured lungs [9]. Conse-
quently, most of the clinical trials about protective venti-
lation in ARDS exclude patients with TBI.
HFO is an alternative approach in ventilating patients

with severe ARDS. Several studies have reported a clear
benefit in terms of improvement of oxygenation, preven-
tion of further lung injury from low VT ventilation, and
ability to recruit the lungs compared with conventional
ventilation. However, two recent large randomized con-
trol trials have shown clear evidence that applying HFO
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in moderate to severe ARDS is not superior to low VT

ventilation [10] and might even be harmful in terms of
in-hospital mortality [11]. Nevertheless, the first trial did
not specify whether the TBI subgroup was included or
excluded, and the second one clearly excluded the TBI
subgroup. So we still have a question: are there any
places for HFO? Vrettou and colleagues [1] make an ef-
fort to answer this question in this issue of Critical Care.
The authors demonstrate the beneficial effect of the
combination of HFO with TGI (HFO-TGI) on oxygen-
ation, hemodynamics, cerebral perfusion pressure (CPP),
and ICP in severe ARDS patients with TBI. The authors
aimed to achieve optimal oxygenation and lower-to-nor-
mal PaCO2, avoiding possible adverse effects such as the
increase of ICP and decrease of CPP.

Commentary
From previous study, HFO has been shown to improve
oxygenation but also has been reported to increase CO2

retention. Another limitation is that the increase of in-
trathoracic pressure in HFO might lead to a decrease of
cardiac output and consequently a worsening of CPP.
Mentzelopoulos and colleagues [12] have shown that, in
patients with early severe ARDS, HFO-TGI (compared
with HFO) can improve oxygenation and conventional
mechanical ventilation without having adverse effects on
PaCO2 and hemodynamics. TGI can enhance CO2 elim-
ination by (a) improving the CO2 washout from the
proximal part of the anatomic dead space, (b) increasing
lung volume and recruiting non-aerated lung regions by
generating additional expiratory flow resistance, and (c)
increasing the lung compliance, thus promoting a less

injurious ventilation and better CO2 removal [13]. In an-
other study, the authors demonstrated that additional re-
cruitment maneuver can improve oxygenation and lung
compliance without disturbing hemodynamics in ARDS
without TBI [14]. HFO-TGI, compared with conven-
tional ventilation, improves lung compliance and PaO2/
fraction of inspired oxygen ratio while decreasing the
plateau pressure of the respiratory system and the inci-
dences of higher ICP and lower CPP. Furthermore, the
improvements in ICP and CPP were demonstrated 4
hours after applying HGO-TGI. The main mechanisms
of improvement of cerebral hemodynamics during HFO-
TGI are (a) the lowering of mean tracheal pressure to
below the actual mean airway pressure displayed by ven-
tilator and (b) lung recruitment without over-distension
by the previously mentioned mechanisms.
However, the application of TGI can lead to bronchial

mucosal damage from the jet stream and retention of se-
cretion. These complications are not reported in this
study. However, the authors applied HFO-TGI for less
than 12 hours. The recruitment maneuver during pre-
HFO-TGI might lead to transient hypotension and is
not life-threatening. An alternative could be the use of
extracorporeal CO2 removal, but this technique might
pose a risk in patients with TBI [15].

Conclusions
HFO-TGI may be considered an alternative rescue venti-
lation strategy in patients with TBI and severe ARDS.
This method might provide non-injurious ventilation
for the lung and optimal gas-exchange to protect the
brain. When these techniques are used, an intensive

Figure 1 The effect of mechanical ventilation setting and acid-base disturbance on the brain and lung in acute respiratory distress
syndrome (ARDS) and traumatic brain injury. CPP, cerebral perfusion pressure; HFO-TGI, combination of high-frequency oscillation with
tracheal gas insufflation; ICP, intracranial pressure; PCO2, partial pressure of carbon dioxide; PEEP, positive end-expiratory pressure; PO2, partial
pressure of arterial oxygen; VILI, ventilator-induced lung injury; VT, tidal volume.
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monitoring of the respiratory function as well as brain
physiology is mandatory.

Abbreviations
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high-frequency oscillation with tracheal gas insufflation; ICP: intracranial
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