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The Respiratory and Hemodynamic Effect of Prone Position
in Patients with ARDS

Chae Man Lim, M.D., Younsuck Koh, M.D., Bok Hyun Jung, M.D., Sang Do Lee, M.D.,
Woo Sung Kim, M.D., Dong Soon Kim, M.D., Won Dong Kim, M.D.

Asan Medical Center, Division of Pulmonary & Critical Care Medicine, Depatment of Internal Medicine,
School of Medicine, University of Ulsan, Seoul, Koren

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 PaO,/FIO, within 2h of prone position. Early of late respiratory responses
were defined i 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 Smin of prone
position. \

Results : Fifteen patients (65%) showed positive respiratory response. In the respiratory responders, Pa0,
was 69.8+17.6mmHg in supine position, 83.2 +22.6mmHg in prone position 0.5h, 96.8 +22,7mmHg in prone
posttion 2h(p<C0.001}, and Pa0,/FI10, was 108 £41mmHg, 137 +57mmHg, 158 +50mmHg, respectively(p=0.
001). Age, sex, cause of ARDS, supine Pa0, and Pa0O,/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.IlmmHg 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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(284 +£7.9m)/cm HO vs. 23.8+7.6ml/cm H0, 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 hernodynamic 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 io prone position was thought to be determined in

the early stage of ARDS.
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FAZTEFHBFEE T (acute  1cspiratory  distress
syndrome, 18} ARDS)& U& W& 48 4
& o] T4 &9 e 5oz i) dAlze
Astad 29 284 A3d&e] dlS BadE Ro
gAY, &, 93 7 (dorsal lung) 7t B3 )
(ventral lung)ell vls} ol A%r} 4sid, 71A%
FA] FA1HRE ALgoT #x 3E (alveolar re-
cruitment)o] ©J¥t}. Supine positions]A] 71418
7] % ARDS #xjojA w5 #9] HE 3)Eo] o
e ol ARE % QF A 2 7kE 2%
(superimposed tissue pressure) o] vj& o 8 72
E19, & supine position©| prone position®T}
A il Axb(vertical gradient of pleural pres-
sure)7t o Z7] Wi Ao olalE Y.

ARDS #x}ollxle] prone position& o}glo] A3
W% o] 22 B218 PAYIT BUBALEL
ERE FALTE B glevk el of
2 prone position®} Y4t Byl HuE u} gla, 7]
F£9] o7 W AE prone positione] &8}
4 v} eRetd Al 298 Y8R 2o}
2 478 Alds 9.

A 2
1. chd Ext

95:d 11937 E 961 129744 A&=

¥ ARDS 32} 269 & Al B5 gulo g prone
positiono] o]2¢ 3z} 3B At 23 (o
=111:12, 9% 62.1£20.841)0] & 979} tjidol
i}, ARDS9] Ael= American-European Con-
sensus Conference2] 32|'?d] wlgrow i g}
o] FA#HEA H4 (acute lung injury score) = &
5 2.50)4l3nt.

el 44

™A supine positiondlA 2§ AEE FHE/IAE
A (o}t ABGA), 25874 A4 (static com-
pliance of the respiratory system, ©]3} Cst, rs)
3 @Rl iz WEEAY, ¥Y NS 9
Swan-Ganz catheter& A%+ 7% stroke vol-
ume & ¢ % prone positione# HEEL
prone position 2A1Z74] 71A|E7] A Wyl &

7}k okqt(positive end-expiratory pressure, ©|3}
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PEEP)FE $& ®EA7IR &4th. Prone posi-
tion 5% ¥4 FFALH A%, 287 05 2
2N BF AXE d9lon, 2AxR9] Pa0,/
FIO,¥]7} supine position®] B8 20mmHgeld =
7t A¢E %A FFHS(positive respiratory
response) 0.2 ASlBHgh EE oleld A EHU
%ol dubzxiow ArEA A7) (exudative phase) &
%ei7 ARDS 24 39 olylo] BFHE 448 =
719+8-(early response), A3} A|7|2 ojsh

ARDS 4 49 o|Fo] #AE = BA-E
(late response) 2 7—}7_‘}* Aelslict. 4 ok 3

N
[4

meh o A

du ool B

982 Wk-2 (positive  hemodynamic response) &
prone 58-2] HyEwgto] supine positione] H|s|
10mmHgold F713 492 Qolskc).

BE SRAE 9 EEUAE 7181901, supine
position¥} prone positionA] U] Hj@= paired t-
test? respeated measures of ANOVAS o]&3}
o}, & 7t ®]&9] vlaE Fishers exact test& o]&
ato] Eet o pgrol 0.05m)%k1 A9 BAA &
o3& AT

2 o

1. AA ARDS 3kx}9i|42] prone position &3}

iy AAYA supine positionA], prone position
0547t % 2AZke] PaO,e 27 65.5+15.
7mmHg, 73.5+22.4mmHg, 81.4+26.0mmHg(p
<0.001), PaO,/FIO®l= 77} 108.1+45.1
mmHg, 123.0+55.5mmHg, 137.2+551mmHg
{(p<0.001), Cst, rs+= 22} 27.7+8.2ml/cm H,0,
25.2+8.1ml/em H,0, 25.0 £6.8ml/cm H,04p=0.
050) 0]t} &, FHFEWL supine positionA)

86.4+£16.1lmmHg, prone position 5% 85.5+

14mmHg(p=0.866), £ 2z 122+23/
min, 121+ 24/min{p=0.105) A c}.

2. H IS

1) W& ARDS £x}9] 65%(15/23)7F 4 5%
Weg BTk B WA gl vla
(61.3:£19.8 vs. 54.5426.14), FUv](8:7 vs.
3:5), ARDS ¢ (8 [ v"l8d=7 18
vs. 3 :5), supine positiono]A]2] Pa0,{(69.8+17.
6mmHg vs. 58.2+9.2mmHg), Pa0,/FIO,M] (107.
4 +£47.6mmHg vs. 98.2 + 87.7mmHg), Cst, rs(28.
0£+9.0ml/ecm H O vs. 26.1 £8.1ml/cm H,0)%&
apol7t 919levH(p>0.05), HyFuglel o En
(91.1 £13.1mmHg vs. 76.018.7mmHg, p=0.
035), AEHo] & AL BATH(9/15 vs. 2/8, p
=(.074)(Table 1).

2) 9A¥EEa}te] supine, prone 0.5 2 24|79
PaQ,= Z7Z 69.8+17.6mmHg, 83.2+22.
6mmHg, 96.8+22.7mmHg(p<0.001), Pa0,/
FIO,ul&= ZZF 108.1 +40.5mmHg, 137.3+60.
OmmHg, 157.7 +£50.0mmHg® (p=0.001), pro-
ne position 0.5A]7+& supine positione] w[sl|, =
2] 3L prone position 2417+ prone position 0.54]
ol uis] Ztz} fost F7HE Boh(Fig. 1). Cst,
rs& Zkzb 28.4+7.9ml/cm H,0, 23.8+7.6ml/cm
H,0(p=0.007), ¥ 24.2+54ml/ecm H,O(p=0.
035)ol%ich. FdetEat F 979 Aol A THA] su-
pine position©. 2 A#§ Z3 Pa0,= prone posi-
tionoll ®)3l &l ZA3FETH(103.0 £31.
4AmmHg vs. 81.1 £26.4mmHg, =0.023)(Fig. 2).

3) &271e o5 tid AAA, AAYE o
= 1139 oiidolx saslany. 278e&S 60.9
%(14/23), ARTELEL 63.6%(7/11YE o7t
PN (p>0.05) 2/t T AP Kol
o= 85.7%(6/7), Z71¥Hgo] gl A2 A A
AYke S Wl o= 25%(1/4)0]0tH(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,/F10,, mmHg 107.4 +£47.6 98.2:+87.7 NS
Cst, rs, mli/ecm HO 280+9.0 26.1+18.1 NS
PEEP, cm H,0 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. &4 iy ukg

Prone positionA] F# F9 ol 10mmHgolA 27}
T A¢e 22%(5/23)0l o] F 23e P &
FUHEE HolA] 942 AUt FA FRrIgGHnts
& B3 el HolA] ghe FAAtele) VA4 HH%
o#ek(77.1 +11.1mmHg, 89.8+16.6mmHg, p=0.
099) o)1} supine positiono]Aje] PEEPALS &
(7.8+£3.2cm H;0O vs. 8.6 £3.5cm H,0, p=0.188)
S feld Aol gl W FRARARL S
29l 599] HFHeE supine positionA] 77.1+
11.1mmHg, prone positionA] 94.2 £9.5mmHg%
A(p=0.031) EFWurEE 242 1174+ 24/min,
114 £25/min(p>>0.05) oG tH( Table 2).

L

2 o3 Az, ARDS #x}djA 9] prone positiong
AA g % oF 3/4004 &) gilen o= it
aste] A (65%)olAY, EFITE 37(22%)
olgich. Axte] axl, & witis FAHL AL R
7} PEEPAMS e @& 4 2lo] ARDS X84 2%
T bt e 7IEstelA 7)91e ofabd wighEES

=

AT F e 943 ot Ao T4 &3, F
prone posiond] o3k HFFUL Fvle AvEH 7
482 PEEPAMSo] AgHe W= ARDS @44 &
B3l PEEPS A48} supine positiondA] 7l4s
7 Esle HAEE FEY F vk onE etk
Hitast 38 B 3§ FANSTL vvke2n
vwstel 714 #HEgdctel o EUeu dF,
ARDS f €91, 7|4 Pa0.A FolA] Aoz} §ix
th AEEL vhe-Tol 60%, Hure-Fo] 256% & HF
S0l B AFE BAh 5§ FPIETO] su-
pine, prone 0.5 @ 2A17ke] BF Pa0,= 712} 69.
8mmHg, 83.2mmHg, 96.8mmHg, 37 P/F& 7
Z} 108.1mmHg, 137.3mmHg, 157.7mmHg=,
prone position 0.54]7h& supine positiono] v]3f,
28] prone position 2A]7H 0.5A]7k0] vjd] Zkzt
Fold 271 2erk. 3571 BHE9L supine
positionA] H#F 28.4ml/cm H,0¢|A] prone posi-
tionol| A Hi 23.6ml/cm HLO= Zastgd. =7
2L AAehe&S 72} 61% B 64% = Zol7k 9%
o} 7Rt F A Ie-g Hel oE 86% HY
b, Z7Pkgo] gldld BAEA AQwsS He
A 25%°f EBos] EFuE of%7F ARDS &7

¢

)
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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+35 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
2R 43S XAt ¥, prone positionA] TN A Arp 2ug v glout ol B
T F9eke]l 10mmHgold 3718 A9+ 5%(22 #Ho 2 =QEAE et ey, Zeld ol2e
%Yol o}F 23 P4 FFWEo] gigld s Z84% F3} prone position©] supine positiond]
At FA EHARANEE B Ao} Bolx] ¢ v 4 Suek AAb 2a, fHes ARDS

£ Expatolo) 713 HEEugdol} supine position
Al 488 PEEPFE 52 f2l3 aloj7} gl
B4 TFRAZITTA 0l S e B Ho) v)st
o ojg Fxr} o A 7o) =
2 7 gd8A 9on'? =3 HEEH 95 A=
4??} B M 234 A v BgE 29
A e AAll oJal)* 4 Apuet# (eritical opening
pressures)o] ®& Zfejo|r}t V. &, ARDSo|A
PEEP& gt 11 o] /g whom o
Fo] AT wiZe] HAXxe AR gL A= @A H
o, o]d A AW 7153 #¥71 PEEP &3 &
A=l dAHoz Fatast eyt TAEYERE 4
g HEy Foole we Ay AP o)t

-Emﬁ\on

2 %3 slol: PEEPo] 2§37 @i, W&oz
#% X 7pguct ¥ PEEPS A3 4 9
W, 3ol @ AeYe dulsEs BE olRE o

XE 3EAY 4 glon) ol dHH g Brpssit
15}

Prone position& ARDS 3Zkzjojlx] o]dle] A%t
HHZ e grig F7MA -Fﬂﬁ‘} 3l g A
g Yok A Qv o] W 1970dielA] 80

A7 wh F10, mE Aol 9 A 3EFEF

*

o
)
=2
_?L

FOEAARS THAZIYE Bl m
gHr1o Lol ghA] Ehds] AlREY] ARk
Prone positiono] £]3F #H1kaste] 718 disiod=
N4 A7 ZU, FEY %] 244 dF,
W) -T BdE oA ‘% W& Heo] A%
371e] gdo) ofdiths o8
d&o] 9)r}® ) & prone positiono.@ A
3t wet AAeiEel Y wiE HR97t nEY
x|z o]Fdte] HEH AW Hxrt EE @ o}
Uz}, supine positiono|lAd Bt} Aoz =9t
A} A7) 2o B3 Ay} FHe)ERR o)FH
= A 87 ol EATY 4 UF ol FFA e
2719 #5997 oAl d ol9f 2L 71dE
oln] Langer $°1'7 ARDS Zxlolre] QA A+
ol A tHE-Ed v A4 A (multiple inert gas elimi-
nation technique) & AM-8led prone positionu]
) @2k vt A b-a5e R datse
A& 98 1 H oz 39 v 9oL, Lamm $2%
7% ARDS 2 ®ejlA PET(photon emission com-
puted tomography) A& o]g3le] u& 49
2to] prone position®] 23l #7]E= A&
51'- %, ARDS gHldAe A ¥F, 5 2854

f
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Fol s R¥ A ko] AX] e Aol &
HA 9l o]2]3 FAEo] prone positiond]Ale]
24 Ao @ Zad JIQske A A
FO2. Hibist 3xo] 9o 2 4 89 FU1
o 7Iolgh}A Ao 1 5IE By, BE ¢S
5 e ARBA FSF7A B L ol 5 3
Aow, old thgleds Wagaman Fol® 53 ©4
o] F7Igtia S13E ¥, B AFoAe dieE o
A A AA 2 B BENE0) ANE FAME
25 325574 BH @yge] Zasidnt. #ikaste]
ZHE Epeiastgdo] Zast 84 i ojfe
S, #dA3E s3] Jldoe] $vle) Fvt, & @
o] a2t obd thE JIHolYAY, H F4 80 &
o] 21 714]1 ZA¢etd o5 Aol && FEo A
o] prone position2. & Fo| A LA w2}
FZ B0l ZA3ta ojzle] FEFIA BAd o
A ¢dEy) qEoz AlRHnh Fxk9] 7M5Adel
t&lod= Boiteau 5= ARG A3E EHE3IGC
™ Gattinoni® %2 A4elel prone positionA]
# A% (chest wall resistance) o] Z7)3tcn wal
ul Qlel 23714 @49l WF-e prone positiond]
o ¥ TEFNE IHAFAY AFT 5 gl A
o2 Alg =)

71&9] Q4 Aol A prone positionA] A W
o o o8t AR WEe BusR geton
1V, prone positions] BFHetH g3l A E FE
b 21& =BT ARDS #@x19] 714 5§ AsA9
PEEP Fi& ¥487] AAtez &3] Huhad
a2 AES @4ol Jeh ool FY8Fe]
4 Yo% cardiac fossa Shube] o8k AA Sl
e} 2 cardiac chambere] Fzz Wy
(configurational change)® #od¥ Aoz Qzbx]
3 T, o]2)dt Ao prone position 2 2]
A9 WA PEEP| 28] 44¢¥ cardiac fossa ¢

gholu} cardiac chamber o] WH & H4siAA F &

oot

e

Rog Z=u*® A4 Douglase]® 7oA
supine position WXt} AutEwo] 715 o] & AF
& u} A B 2FGAE 47 #AA H
243t 3A0] glolx A9 Hetos FFuslel
Nsta, stroke volumeo] Z7kehe 2g BaR
F A=Y ol HIE A FoA] FEH Fod o
FAom delt 9& Ao Aggn. &, & A7
9] djol| A9} 7o prone position o2 o] A58
A supine positiondld ZAEE & HEge] &
A3z ARDS $#21e] 5934 4dlg gsiAZ
4 YAV, T supine positions] A 71 gFgio) bl
A %3l= PEEPE 2= oA prone posi-
tiono® Hr} & PEEPS 8% 4 g 49
43 7FsAol AAEH.

o}z ARDSd] ¢lolA prone positione] E3}ol
sl BaAor & FEEo] gtk 3F7A 1]
e Az el Adas 2 S99y 2}
ARDS <] ¥ejst3 AJeele] J@de] FrEslojo} g
th &, €49 olB2diE 1 F3) Sugt Ay A
Zb AE A4EA Al oJEHY deA], Ee
ARDS €<l Zga) 5o 23 =R Fol
Y& Aok 3l £ prone position] 2Js) WAL
2148 A48t 24E Hols fxpet kgt Ame]
ZAE Holx 3 A Aolof] tigx = A7t
go3sit}. Prone position?] 7S84 &34 s}
o= ARDSe] =4" EMsl cardiac fossa ghato]
e 487 mddA 892 P} glow, o
el 97} YE = 4§ prone positionA o] &
R datastel 340 Fhd o] ohet BRI
A 349 E3A xEEor Aoy Alggch 2
gxdo2, ARDS x4 prone positione #H4F
23 HE A oEN Fo JaeEY PEEP
S Y UL, 45 FAoM = HEFHGE E
Aoz igriAe] dRetd Aeg st
F Sle BxA NERog Aledr.

gk 2> o
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Bf A
HAZFRAZETAA S e B2 Ao vlg o
g A=t Aste] 71AZEA PEEP AMgolx #H%
2ol o3 Aol FEiA U ol AdloA
prone position& oj3to] A% viZ o 24 IS
A7 FRENLESY 2He s B
o] glou} o2 prone positione] FFA2|EH
It di

Be -
=*

b o
o o

mxl

AaH4 w3} 2ds] AUEA A,

o 0%
ox
o)
hr
o

2.50)4¢1 ARDS #xb 231

tod=1 % 62.1£20.84)% o
A supine positiono| 4] 3.& AH2 THEsAR
, FEEVIA AA SAe Rk xue g7

3F, B3 A 58 48 5 prone position,‘l
81519 tt. Prone position 530 £93% ¥€89
A AE, 05 B 2470 & AEE 9o, 2

AlZAR 9} PaQ,/FIO, H}7} supine position®]] 8]3]
20mmHgold Z718 748 4 FWE, prone
589 HFEwYo] supine positiond] B
10mmHgold Z7Vet 498 44 dFdstavrgo
2 2z}t geolsiint.
7é il

L 4 3E08
U ARDS g1} % 65% (15/23) 7} o84 3ENe
& B3 P4 H]"o—;"}”‘ HlRkg-bel wlaf ¥, g

vl, ARDS #4191, supine positionoAle] PaQ,
/F10, v}, Cst, rs S8 o7} gigioyt HAFEaer
o] ¥ ¥i1(91.1£13.1mmHg vs. 76.0+18.
7mmHg, p=0.035), AE&c] B F¢L By
(9/15 vs. 2/8, p=0.074).
A ZFHrEAte] supine, prone 0.5 2 2Aj7he]
PaO,& z}7} 69.8 +17.6mmHg, 83.2 +22.6mmHg,
96.8 £ 22.7mmHg(p<0.001), Pa0,/FIO, ¥}= 2}
2+ 108.1 +40.5mmHg, 137.3+60.0mmHg, 157.7

+50.0mmHg 2 27159 (p=0.001).

= om
—
o

(o
2 M

ar

oot ik rE
>4 £
iy

¢

2. Y Rk

Prone positionA] 3 F9¢te] 10mmHgo|4F &7}
S A9 22%(5/23)01%5 o] F 2WE Y B
Fugol g BT P IRASAVEL 3
galel Hojz] ¢k Bl Alole| 71A HEFulg
(77.1+11.1mmHg, 89.8+16.6mmHg, p=0.099)
o]\ supine positionoljxg] PEEP AME FF(7.8
+3.2cm H;0, 8.6 +3.5cm H.0, p=0.188) 5& #
sla zpol7t gigich.

A =

ARDS #x}9|A prone position HAAsIARE
FRNTIAL FEEALE AT P s EFN
& o%= ARDS 4 ¥ zv]d AAHE 3o
#4990},

ek

= U
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