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The Respiratory and Hemodynamic Effect of Prone Position
in Patients with ARDS
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Woo Sung Kim, M.D., Dong Soon Kim, M.D., Won Dong Kim, M.D.
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School of Medicine, University of Ulsan, Seoul, Korea

Background : Prone position improves oxygenation in some patients with ARDS. According to some authors,
prone position can also improve the deteriorated hemodynamics induced by PEEP. But these respiratory and
hemodynamic effects of prone position has not yet been fully established.

Methods : Twentythree consequtive patients with ARDS(M : F=11 : 12, 62.1 + 20.8yrs) were the subjects for
this study. ABGA, static compliance of the respiratory system, mean arterial pressure and pulse rate were ob-
tained in supine position and at 5min, 0.5h and 2h of prone position. Positive respiratory response was defined
as 20mmHg or more increase in PaQ,/FIO, within 2h of prone position. Early of late respiratory responses
were defined if the positive response was observed within of after 3 day of ARDS onset, respectively. Positive
hemodynamic response was defined as 10mmHg or more increase in mean arterial pressure at 5min of prone
position.

Results : Fifteen patients (65%) showed positive respiratory response. In the respiratory responders, Pa0O,
was 69.8+17.6mmHg in supine position, 83.2 +22.6mmHg in prone position 0.5h, 96.8 +22.7mmHg in prone
position 2h(p<0.001), and Pa0,/FIO, was 108 +41mmHg, 137 + 57mmHg, 158 + 50mmHg, respectively(p=0.
001). Age, sex, cause of ARDS, supine Pa0O, and Pa0,/FIO, were not different between the respiratory
responders and the nonresponders. The respiratory responders, however, showed higher mean arterial pressure
than the nonresponders(91.1 £13.1mmHg vs. 76.0 + 18.7mmHg, p=0.035), and tendency of higher survival
rate(9/15 vs. 2/8, p=0.074). Static compliance of the respiratory system was decreased in prone position 0.5h
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(28.4 +7.9ml/cm HO vs. 23.8+7.6ml/cm H,0, p=0.007). The overall rate of early response(n=23) and late
response(n=11) were similar(14/23 vs. 7/11, p>0.05). But patient without early response showed late

response only in 25% (1/4), while patient with early response showed late response in 85.7% (6/7)(p=0.072).

Five patients(22% ) showed positive hemodynamic response, two of them being respiratory nonresponders.

There were no differences in the baseline mean arterial pressure or the level of PEEP applied in supine be-

tween the hemodynamic responders and the hemodynamic nonresponders.

Conclusions : Prone position either improved oxygenation or increased arterial pressure in significant propor-

tion of patients with ARDS. And the respiratory response to prone position was thought to be determined in

the early stage of ARDS.
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FASFH-AZ2F L (acute  sespiratory  distress
syndrome, ©]3} ARDS)-2 @& MAAEY 44 4
& do #AF &9 FVHE BAHLE U AAEE
ARGE & 234 HAEo] e BaFd Ao
g23A Ao, F, vl # (dorsal lung)7t £5 9
(ventral lung)dl 8]&] o] A=r} A3, 7|AS
FA BA1EGS A= HE 3]E (alveolar re-
cruitment)o] ©¢J¥t}. Supine positionol|A] 7]A&
7] <1 ARDS xzjoA] wiS s} HE 3]Ho] of
A& ol HEE 2 95 A8 o7 7HE 23%
(superimposed tissue pressure) o] vjZo 2 Z=E
#3119, & supine position©] prone position .t} 4=
2] Eukel 7Al(vertical gradient of pleural pres-
sure)7} t] Z7] W& Foz ol g Uk,

ARDS #kx}o|4)¢] prone position& o]$to] A3t
3 #Ho] T4 WNE YA FHELLELS]
3AE 7t HaEo] 9oyt oA o}
2] prone position?] Y4 Ax7l BnE v} gl3, 7
&9 97 BI| X% prone position?] &&z|g
A gap} gi9sty zaot 4ds) FYEA ol
£ AFE AlFEHA FHAdo

CHa o Y
1. chd B}

95 11495-E 963 12947A] N&F4Hdd 44
¥ ARDS ## 269 5 Mg 83 o2 prone
positiono] oj2]& #x} 3F& Ae 23W(H : o
=11:12, 4% 62.1£20.84)0] & A7 tjio]
lt}. ARDS2] Hel= American-European Con-
sensus Conference?] Ae]'?e)| wigtow] iy =}
o] g4 &4 A4 (acute lung injury score) = &2

% 2,500tk
1. Mg W &Y He

WA supine positiondA & AFEZ FHEAE
A (o]t ABGA), 53714 BAe4d (static com-
pliance of the respiratory system, ©]3} Cst, rs)
I Y9ty 32 Hoedd, £ Addr ¢
Swan-Ganz catheter& Ar¢J§F ZA-$ stroke vol-
ume £& Y& % prone positione 2 AFsIY
prone position 2AI7MAR] Z|ASy] A4 W59l &

7)2koke} (positive end-expiratory pressure, ©]3}
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PEEP)4% & ¥WEA7|A %¥utt. Prone posi-
tion 580 FUF EFAYH A¥, 271 05 %
2AZ BF ARE Ao, 2417k PaO,/
FIO,¥)7} supine positiond] Bla] 20mmHgo]d 3
7Bt AS-2 A T FURS(positive respiratory
response) 0.2 AolEtqct. 7 o]2idt A TN
Lo gurHoed Atz:A A)7](exudative phase)Z
2271 ARDS 24 34 ool #ZEHE A& =
714+g-(early response), A3 AR ol
ARDS 34 4 ol¥o] #Ase A8 AdLE
(late response) 2 Ztzt Holatyirt. 4 U4 EF
o8} 2 w8 (positive hemodynamic response)-&
prone 53¢ #HFEelo] supine positionol] B3|
10mmHgo) Z71et %92 A3t

3. 8A A8

RE ZRAAT YTREUAE #7)8k%SH, supine
position®} prone positionA] FU Bl paired t-
test® respeated measures of ANOVAE o]&3}
o, & 7t H]-&¢] vla= Fishers exact test& o]&
sto] ZHEeon pgkel 0.05uFe F9- EAH &
2| 4& AAsIAt

4 =

1. AN ARDS 3kx}oj| A2} prone position &3}

th4F AA o)Al supine positionA], prone position
05A17F 2 2x7te] PaO,= 22t 65.5+15.
7mmHg, 73.5+22.4mmHg, 81.4 +26.0mmHg(p
<0.001), PaO,/FIO;¥= ZZF 108.1+45.1
mmHg, 123.0+55.5mmHg, 137.2+55.1mmHg
(p<0.001), Cst, rs= z}z}t 27.7+8.2ml/cm H,0,
25.2+8.1ml/em H,0, 25.0 +6.8ml/cm HO0{p=0.
050) 013tk $HH, BFEWLLS supine positionA]
86.4+16.lmmHg, prone position 5%9] 85.5+

14mmHg(p=0.866), BAlMkRE 2}2} 122 +23/
min, 121 +£24/min(p=0.105) At}.

2. F ITFE

1) thA4 ARDS #xbe] 65%(15/23)7F ¥ &
Hhs-g BTk G4 ¥HeRRE HlEhg At wiE o
(61.3+£19.8 vs. 54.5+26.14]), FUB|(8: 7 vs.
3:5), ARDS &% (g vafdd=7:8
vs. 3:5), supine positiono|A2] Pa0,(69.8+17.
6mmHg vs. 58.2+9.2mmHg), Pa0,/FI0,u}(107.
4 +47.6mmHg vs. 98.2 +87.7mmHg), Cst, rs(28.
0+9.0ml/cm H,O vs. 26.1 +8.1ml/cm H,0)5&
zpolzb Gl et (p>0.05), HAFHUYel o &2
(91.1 +13.1mmHg vs. 76.0+18.7mmHg, p=0.
035), A&go] 2 2L BIh(9/15 vs. 2/8, p
=0.074)(Table 1).

2) <kdire-zle] supine, prone 0.5 B 2479
Pa0O,= Ztz} 69.8+17.6mmHg, 83.2+22.
6mmHg, 96.8+22.7mmHg(p<0.001), PaO,/
FIO,¥l&= Z+2zt 108.1 £40.5mmHg, 137.3£60.
OmmHg, 157.7 +£50.0mmHg2 (p=0.001), pro-

ne position 0.5A]7+e supine positione] B, 1

&
3

2] prone position 2A]7}<- prone po§ition 0.54]
Ztol wisl ztzb f-eldk 78 BYvh(Fig. 1). Cst,
st Z+zt 28.4+7.9ml/ecm H,0, 23.8£7.6ml/cm
H.0(p=0.007), 2 24.2+54ml/cm H,O(p=0.
035)0]3ich. FAdukgat F 9w FAjellA THA] su-
pine position®.2 &3 Zz PaO,= prone posi-
tiono] wlal  FolEA  FA3IRCH(103.0 £31.
4mmHg vs. 81.1 +26.4mmHg, =0.023)(Fig. 2).
3) Z719ke o R i AAA, A AR o
£ 1199 diiols St 27|v-g-82 60.9
%(14/23), A LSS 63.6%(7/11)2 zto|7t
FAoFH(p>0.05) 2R F AAEE B
o= 85.7%(6/7), 7Nkl iAW BAEA A
olure-g Rl ¢ 25%(1/4) 1At (p=0.072).
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Table 1. Characteristics of the respiratory responders to prone position and the nonresponders

Respiratory response

p Value
(+) (-)

n(%) 15/23(65%) 8/23(35%)

sex(M : F) 8:7 3:5 NS
age, yrs 61.3+19.8 54.5+26.1 NS
Pa0,/FI0,, mmHg 107.4 £47.6 98.2+87.7 NS
Cst, rs, ml/cm H;0 28.0+9.0 26.1+18.1 NS
PEEP, cm H,O 9.3+27 7.3+4.1 NS
MAP*, mmHg 91.1+13.1 76.0+18.7 0.045
Sepsis-related ARDS 7/15(47% ) 3/8(38%) NS
Survivors 9/15(60%) 2/8(25%) NS

*mean arterial pressure

3. Y ¥R ukg

Prone positionA] H3 F9¢to] 10mmHgol4 27}
g A= 22%(5/23)0]19L o] F 2HE: A %
FNES Holx] %2 Y. A EFRGEAS
£ Hl #xj9} Holx] gk fAprtold)] 71A His
e} (77.1 £11.1mmHg, 89.8+16.6mmHg, p=0.
099) o]} supine positiono]A]¢] PEEPALS- 5
(7.8+3.2cm H;O vs. 8.6 +3.5cm H.O, p=0.188)
T fog Aot gt FH FHRIEH NS
B¢l 579 HFFeS supine positionA] 77.1+
11.1lmmHg, prone positionA] 94.2 +9.5mmHg%
2(p=0.031) EFdules= 22 117 +24/min,
114 +25/min(p>0.05) ©]Ar}(Table 2).

n

H o3 Aal, ARDS $3pd|4 ] prone position
AA A F o 3/4414 A7 e ol it
2810l 3H(65%)01AY, AHAEH TH(22%)
ot} Mzl &, F H4kAd AL 4L BE
7} PEEPAME#E 23 4 9l ARDS A8 2%
T Ak} B2 7|l A 7]Q1% o3 P EE S

3% & de G9H ot sk FA49] &7, F
prone posiono]] &jg FFFHY FrH= AEF 7
422 PEEPAMG-o] AgHg W= ARDS #AjdlM 3
£3% PEEP€ 343} supine positionolA] 7|45
7 ke HEE F5E F e oulE et
Hdasl 3HE B 5§ PSS vihgE T
Hlwsle] 7]A HEsuetel o Ekov a9,
ARDS 4% €41, 714 Pa0,3] SollA zlol7t 9%
o). AEEE HkgFo] 60%, vur-E-To] 25% 2 ¥t
o] & AYS HIAY FF FAANSEO] su-
pine, prone 0.5 @ 2A]7te] H PaO,&= 42} 69.
8mmHg, 83.2mmHg, 96.8mmHg, I P/F= 2z}
2z} 108.lmmHg, 137.3mmHg, 157.7mmHg=,
prone position 0.5A]7+& supine position®] H]3,
12]3 prone position 2A17E 0.5A]7k) v Zh2t
ol Z7H Bt 28714 B34S supine
positionA] @ 28.4ml/cm H, 094 prone posi-
tiono]A #H#F 23.6ml/cm H, 02 Z+AsIgn). &)
2 AAE-ES A2 61% L 64% = o7t gl
o} 27|ehgal F A ANESE Hel 4 86% Y
W, Z7PEgo] QIld BAlEA] Adukeg He
o 25% 9 B 3FV-E o957 ARDS z7]9

— 1108 —



Table 2. Characteristics of the hemodynamic responders to prone position and the

nonresponders
Hemodynamic response
p Value
(+) (=)
n(%) 5/23(22%) 18/25(78% )
age(yrs) 54.8 +£20.7 61.1+19.0 NS
sex(M : F) 1:4 10:8 NS
PEEP in supine, Position, cm H,0 7.8+£20.7 8.6+3.5 NS
MAP in supine, Position, mmHg 77.1+11.1 89.8+16.6 NS
PR in supine, Position, bpm 117 +24 123+ 26 NS

AAE= 7ZA¥S Byt §H8, prone positionA] 3
& F9Yo] 10mmHgeld F7Hst A9+ 5 (22
%)olP °o)F 2hE FF TFVEo] ANE B
At g RGNS B2 BRI} HolA &
< BAAtelo)] 71 HFEHNIelY supine position
Al 349 PEEP#E 52 9% 2ol it

4 IFFAZETEAA WiF de 535 Hof vis}
o o1% Awr}t o] A% Zo] WitsldE # A~HO
2 2 48A Qe ? A N2E3 @F AR
A% B Jb =AY A v e 7Y
A 599t AR o8> sikE (critical opening
pressures)©] ¥ Aoty =, ARDSOA
PEEP& »ujgle 1 pFo] 7iuddrc) o o]
o] A3t wiZe] AX s MYEHA 2 =2 EA F
o, o]d Z$ /W 7se dxst PEEPY o3 &
ZAeo] drjFo g Hikisl st ZAEbE A
g Hed 2dle 9 et A&E oo
2 BZ Hd= PEEPo] H45H% ¢x, WiEoz Z
& X AUty =2 PEEPS ATE 5+
A, el 93 &S HEEM BE o)3d
25 JEAE F o} ol dAdF oz VeIt
15)

Prone position& ARDS &x}d|A] olglo] A%k
W Z Ho| #7)E ZUMAA RS JHE AT
g Aok 4o Qo o] ¥hELE 1970 dielA 80
ddizlA] vy 9, ke 4o} 2 ARl 35RAF

TN AT 27 Bag v ot il B
HHo 2 =QHA = sttt ey, FEjol o2y
Z824% A3 prone position©] supine positiono]
Mgl +3 SeRl A} A3, 9ddes ARDS
Ao FulEaA RGeS AANITE B o
ep=9 ol Thal el AlBE7] AR
Prone positiondl] o|%F #H4t4sle] 7]Ad dislel=
Nsd W) 271, WA £5e 247 WF,
}7)-8F 598 T 2 ulE o 3287
Sol 9o of F FAF|e Tl oFri= o2
o] 7}& AEo] ¢Jt}¥* ) Z, prone positiono 2 A
gt wpet Aol wW wiF HELA7E vFY
A=z ol sEEe] I Hxvl HEE 2 o}
Y&}, supine positiond|A] B} AdjF oz Sukel
AN A7) el B2 s} FHIERR o) o]
= A8 olao] EAE 4 A5 Rof Aoz
r)Es HE9 EoluiAl Eoth. olef e 7|HE
olu] Langer S-o}'? ARDS Zxjo|rie] Qi A+
oA THEEA7|AA A (multiple inert gas elimi-
nation technique) & AM2-3le] prone positionw A
o &g b 4 $b-#RY ddE dsl"He
A% 9 pdoz 29 vt 2l3, Lamm S0
71 ARDS =4 PET(photon emission com-
puted tomography) 20-& o]&sle] w|& 99
wk2to] prone positiond] 28] #7|FHe A&

t}. @4, ARDS AeoiMe A9 W, & 59
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Fol Hed £X e d¥o] ZA &2 Ao &
A 9 ol2|g @AFE0] prone positionof 41| =
sl 3ol gEr hae] RISk Ag A
F02. HAitast sdo] 919 2 T4 719 Bt
o 7l dgHe s O FAE BH, e 4
8 7 e AREAN FIFVA @S o188 3
o, old djsled= Wagaman 50| 4 ©4
o] Z7FRTL Y Whd, & AFolA Y H= o
A A AA g A sFESO] UUHE FAgM=
BT F387IA A4 @dol Zasid. Aitaste)
SANE BTsnBAYe] Zae Bl U olfiz
4, #H4As 346 7]Ho] 019 Frt, & v
o] 747t ohd v JjHeIUAY, H T4 7] &
Hol 1 717 A9 oAl & e HH
o] prone position®.2 7 A& TAH we}
2 g@Ao] ZA3IaL oAle] F3.F7IA &4 o
A BdEy] WEgez AEH Fxb9 rHeAdd
ti3led= Boiteau TE® AR A4E LHIIHC
 Gattinoni® & RAAFle] prone positionA] &
# A& (chest wall resistance)o] Z7}sitin ¥3l
v} glo] 255714 &4de] WME-E prone positionol]
oFt Y SFISE NEAY AEF F gle A
o8 Alg "o}

71&¢] Y4 Q7oA prone positionA] A9 WE
o o3t Foldt FRAEH ¥ KX Yo}
*~1, prone position®] @/ HstE] &3 AAE F=
g 7 =8t} ARDS #x19] 714l 3F X8A4
EEP E= 4487 AARte s &3] 4Auas

4 B A 4ol el ool A $Fo]
Za 9Jo= cardiac fossa bl 2% A4 FT
Aol @ cardiac chambere] T%F Ay
(configurational change)®= ¥ HAog A7Zty
3 ok, o]2)3l Abeoll A prone position &.2.9)
9] W& PEEPY] 9J8] f-2¥ cardiac fossa ¢
vtolu} cardiac chamber o] WM& AstAIZ = Q&

N
o

Ao g 7|dEnis® M4 DouglasE® @A
supine position WHT} Aul&agto] 2713 o & AF
g vl AUch AREL] AFA AT YR Bt o
st 3] o= A9 MFUeR FFFUE]
é}%ﬁ}_ﬂ, stroke volume©o] Z7}sh= AL BT
T A=t ol HIE AL FoflA FFE Bl ¢
dEHo2 ooyt A& Aoz Algdo. F, £ 9
9] ofjo| A&} 7Fo] prone position©.Z Fto] A5
t}A supine positiond|A 71AlEE F AEGo] &
Ask= ARDS #zle] E79%He A& AAsiAE
4 YAY, EE supine positiondl]A] 44 ¢tee) b
X E3}= PEEP& & $x}94E prone posi
tionoZ Bt} %2 PEEPE F43 4+ e F43%
WA 7Fs/do] AlxET

o}z ARDSd] glolAl prone positione] &zje]
et Aol & 250 Btk 3F71Ad
e &I B3l Harast 2 ey adje}
ARDS 9] Halgta Jefiole] daido] Fs]olof &
o} &, A4 oJ2ug 1 anv}t 59t AHAle] A
T A A A7l o= A, EE
ARDS €41 A3} yr} EH3A A=A 5ol
&) Aok 8l E3§} prone positione]] &3] X3
A& 43 3HE Kol $js} dutdt A
SAE Bole Ao 4 Aold Az A7t
HFaslt}. Prone position?] @784 3l st
o= ARDS9] 543 EA3} cardiac fossa o]
s 494 2l0M 899 "art gler, o
A& A3t P55 74+ prone positionA]:22] &
e ditastel 34 F3E Aol oljgl AR
4 34e] an7A] xeor & Aoz Alggdh. &
£80og, ARDS &49A] prone position& 4t
ASIARE SHAHOZN Fof A=} PEEP
& Y F 33, dF A E FEFUYE A
ARozM UM RIS e A3
g+ e Bx¥ Jayez Alzdrh
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2 o

oy & :
FHELFFAZTZAA vl F v BF ol vjg) of
g Azl Aste] 71AZEA PEEP ARSd= #H¥
2ol ofaig Ao ¥A U ol AeidiM
prone position& o]3to] A3k viE # o] FA& IS
71 FHEALELS SHE JHALeTE B
1Eo] 9Jou} o}F prone position?] FFA2ldHA
Bt Rt st SAs] AHEA sttt
L
FAHES dy g 2504490 ARDS $x 239
(F:od=11:12, 9% 62.1+£20.84) & dde=
ﬂili supine positiondlA FF A E g FYIIAE

, 23F71A B4 @4 ¥R98d 3z 2
%‘111%}, £ Aduks 5& 9 F prone position &
2 23319}, Prone position 5589 £U3 €7
g 2F, 0.6  2AIZel 3F ARE L, 2
A 77429 Pa0,/FI0; v|7} supine positionol} v]s}
20mmHgol’d 713 A& 4 388, prone
5Re] HWFEwglo] supine positionol]  H3f
10mmHgel} 3713 298 ¥4 @Frdehadse
2 Ztz} Aeofalqirh.
7é o}

1 39 3398
4 ARDS 84 3 65%(15/23)7F 48 F0H8
& HPa G4 wgAbe vlekgate] wlE] Ay, ¥y
¥, ARDS § €121, supine position9| A&} PaO,
/F10, ¥}, Cst, rs T& A7} QI%loy} BuFHt
o] © &HI(91.1£13. lmmHg vs. 76.0+18.
7mmHg, p=0.035), F&&0] ¥ AFS Bt
(9/15 vs. 2/8, p=0.074).
dA TEFRSALS] supine, prone 0.5 2 2x31e]
PaO,= 27} 69.8 +17.6mmHg, 83.2 +22.6mmHg,
96.8 +22.7mmHg(p<0.001), PaO,/FIO, ¥|&= Z+
2z} 108.1 +40.5mmHg, 137.3+60.0mmHg, 157.7
+50.0mmHg 2 Z713895H(p=0.001).

2. ¥ ERGEANS

Prone positionA] H7 F9gto] 10mmHgolAF £7}
T A= 22%(5/23) 0l o] F 2B YA &
Fukgol gl AT A ERATEANEE B
Fate}l Kol & #A Afold| V1A HEAFHL
(77.1 +£11.1mmHg, 89.8+16.6mmHg, p=0.099)
o]t} supine positiondl]A]¢] PEEP AMg- (7.8
+3.2cm H,0, 8.6 £3.5cm H;0, p=0.188) 52 &
ok zto|7}t giict.

4 2

ARDS gx}o|A] prone positionS HAAIARE
TAANNAYG BEEAGE A7 F ZF;
oj¥= ARDS 24 ¥ zvld ZX=He Ao
A=At

4 op

M

fal

Ho

il

1. Gattinoni L, Mascheroni D, Torresin A, Marcolin
R, Fumagalli R, Vesconi S, Rossi GP, Rossi F,
Baglioni S, Bassi F, Nastri G, Pesenti A. Morpho-
logical response to positive end-expiratory pres-
sure in acute respiratory failure. Computerized
tomographic study. Intensive Care Med 12 ; 137,
1986

2.Maunder  RJ, Shuman WP, McHugh JW,
Marglin S, Butler J. Preservation of normal lung
region in the adult respiratory distress sun-
drome ; analysis by computed tomography.
JAMA 255 : 2463, 1986

3. Gattinoni L, DAndea L, Pelosi P, Vitale G,
Pesenti A, Fumagalli R. Regional effects and
mechanism of positive end-expiratory pressure in
early dult respiratory distress syndrome. JAMA
269 : 2122, 1993

4. Yang Q, Kaplowitz MR, Lai-Fook SJ. Regional

variations in lung expansion in rabbits : prone vs.

= 1111 —



10.

11.

12.

13.

supine positions. J Appl Physiol 67 : 1371, 1989

. Mutoh T, Guest RJ, Lamm WIJE, Albert RK.

Prone position alters the effect of volume over-
load on regional pleural pressures and improves
hypoxemia in pigs in vivo. Am Rev Respir Dis
146 : 300, 1992

. Douglas WW, Rehder K, Beynen FM, Sessler

AD, Marsh HM. Improved oxygenation in pa-
tients with acute respiratory failures : the prone
position. Am Rev Respir Dis 115 : 559, 1977

. Martin RJ, Herrell N, Rubin D, Fanaroff A. Ef-

fect of supine and prone position on arterial oxy-
gen tension in the preterm infant. Pediatrics 63 :
528, 1979

. Wagaman MJ, Shutack JG, Moomjian AS,

Schwarz JG, Shaffer TH, Fox WW. Improved
oxygenation and lung compliance with prone po-
sitioning of neonates. J Ped 94 : 787, 1979

. Langer M, Mascheroni D, Marcolin R, Gattinoni

L. The prone position in ARDS patients. Chest
94 : 103, 1988

Murdoch IA, Storman MO. Improved arterial ox-
ygenation in children with the adult respiratry
distress syndrome : the prone position. Acta
Peditr 83 : 1043, 1994

Pappert D, Rossaint R, Slama K, Gruning T,
Kalke KJ. Influence of positioning on ventilation
-perfusion adult
respiratory distress syndrome. Chest 106 : 1511,
1994

Bernard GR, Artigas A, Brigham KL, Carlet J,
Falke K, Hudson L, Lamy M, Legall JR, Morris
A, Spragg R, and the Consensus Committee. The
American-European Consensus Conference on
ARDS. Am J Respir Crit Care Med 149 : 818,
1994

Pelosi P, DAndea L, Vitale G, Pesenti A,

relationships in  severe

14.

15.

16.

17.

18.

19.

20.

21.

22.

- 1112 —

Gattinoni L. Vertical gradient of regional lung in-
flation in adult respiratory distress syndrome.
Am J Respir Crit Care Med 149 : 8, 1994
Gattinoni L, Pelosi P, Crotti S, Valenza F. Effects
of positive end-expiratory pressure on regional
distribution of tidal volume and recruitment in
adult respiratory distress syndrome. Am J Respir
Crit Care Mde 151 : 1807, 1995

Marini JJ. Down side up- a prone and partial lig-
uid asset. Int Care Med 21 : 963, 1995

Pelosi P, Croci M, Calappi E, Cerisara M, Mulazzi
D, Vicardi P, Gttinoni L. The prone positioning
during general anesthesia minimally affects
rspiratory mechanics while improving functional
residulal capacity and increasing oxygen tension.
Anesth Analg 80 : 955, 1995

Albert RK, Leasa D, Sanderson M, Robertson T,
Hlastala MP. The prone position improves
arterial oxygenation and reduces shunt in oleic-
acid-induced acute lung injury. Am J Respir Crit
Care Med 135 : 628, 1987

Wiener-Kronish JP, Gropper MA, Lai-Fook J.
Pleural liquid pressure in dogs measured using a
rib capsule. J Appl Physiol 59 : 597, 1985
Wiener CM, Kirk W, Albert RK. Prone position
reverses gravitational distribution of perfusion in
dog lungs with oleic acid-induced injury. J Appl
Physiol 68 : 1386, 1990

Albert RK. One goed turn. Int Care Med 20 :
247, 1994

Lamm WJE, Graham MM, Albert RK. Mecha-
nism by which the prone position improveé oXy-
genation in acute lung injury. Am J Respir Crit
Med 150 : 184, 1994

Glenny RW, Lamm WJE, Albert RK, Robertson
HT. Gravity is a minor determinant of pulmo-
nary blood flow distribution. J Appl Physiol 71 :



23.

25.

620, 1991

Boiteau R, Tenaillon A, Codandamourty R,
Dalibon N, Nicaise E, Valente. Respiratory me-
chanics during prone and supine position. Am J
Respir Crit Care Med 151(4) : A78, 199524.
Morgan BC, Martin WE, Hornbein TF, Crawford
EW, Guntheroth WG. Hemodynamic effects of
intermittent  positive  pressure
Anesthesiology 27 : 584, 1966
Scharf SM, Caldini P, Ingram RH. Cardiovascu-
lar effects of increasing airway pressure in the
dog. Am J Physiol 232(Heart. Circ. Physiol 1) :
H35, 1977

respiration.

26. Fessler HE, Brower RG, Shapiro EP, Permutt S.

27.

28.

Effects of positive end-expiratroy pressure and
body position on pressure in the thoracic great
veins. Am Rev Respir Dis 148 : 1657, 1993
Leithner C, Podolsky A, Globits S, Frank H,
Neuhold A, Pidlich J, Schuster E, Staudinger T,
Rintelen C, Roggla M, Glogar D, Frass M. Mag-
netic resonance imaging of the heart during posi-
tive end-expiratory pressure ventilation in
jnormal subjects. Crit Care med 22 : 426, 1994
Marini JJ, Culver BH, Butler J. Mechanical ef-
fects of lung distension with positive pressure on
cardiac function. Am Rev Respir Dis 124 : 382,
1981

- 1113 —



