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g@pen up the lung and keep
the lung open”

n esta abierto, se caracteriza

por un infercambio de gases optimo y con un

7 de shunt bajo (<10%), lo que corresponde a
PaO2 >> 450 mmHg con FIOZ2 1. Las Paw
necesarias son minimas y la repercusion
hemodinamica se minimiza. TEMI992: 18:319-321

SARTD- CHGUYV - Sesidon de Formacion Continuada
Valencia 3 de Abril 2007



ir el pulmon:

r una presion de apertura
nspiracion—

ICM1992, 18:319-321
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Easpsiparaiabrir el pulmon:

1° Se debe alcanza
critica durante la .

2° Esta pregion deypertura delhe mantenerse
durante uf tiempo losuficientemente largo

ICM1992; 18:319-321
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REspspara abrir el pulmon:

1° Se debe alcanz
critica durante la .

cierre completo de la via aégea, mediante la
aplicacién de un nivel de PEEP . o0. 15.3/0. 321
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Keep openl!

Closed

v

Time TCM1992; 18:319-321
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o fisiologico alveolar

Frm
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esion - Voliumen

Yolume (L)

0 10 20 30 40
Minerva Anestesiol 2006, 72:117-¢
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Interdependencia alveolar

Alveolo normal ventilado

"Shear force:

Alveolo tras inactivacion
del surfactante. Colapso
final espiracion

Minerva Anestesiol 2006, 72:117-¢
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EFFECT OF & PROTECTIVE-WENTILATION STRATEGY ON MORTALITY IN THE ACUTE RESPIRATORY DISTRESS SYHDROME

EFFECT OF A PROTECTIVE-VENTILATION STRATEGY ON MORTALITY IN THE
ACUTE BRESPIRATORY DISTRESS SYNDROME

Marcero Brmrmo Passos Awmato, MO, CaprMmeM Siovia VALlENTE Bareas, M.D., Dewnise MacHaoo Meoeiros, MO,

Ficaroo BEorces Macalol, MO, GuitHERME o Pauras PiNTo ScHETTING, WD, GEraLDo Lorena-FiuHo, KD,
Fonaleo Apie Kaparws, MO, Damer Dedeiwzeun, WM.O., Carwos Mooz, M.D., BosewaMe Ouvera, MO,

TeErRESs YAE Takacakl, M.D., ano Carlos Foeerto RIEEIRS CarvaLHo, M.D.

100

N Engl J Med 1998; 338: 347-3554
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FREYEMNTIMNG BAROTRAUMSA IM PATIENTS AT HIGH RISK FOR ACUTE RESPIRATORY DISTRESS SYNDROME

EVALUATION OF A VENTILATION STRATEGY TO PREVENT BAROTRAUMA IN
PATIENTS AT HIGH RISK FOR ACUTE RESPIRATORY DISTRESS SYNDROME

THomas E. StewarT, M.D., Mavreen O, Meace, M.D., Deeorad J. Cook, M.O., Joun T. Granton, MO,

ReHaro V. Hoooer, M.D., STepHen E. Lapinsky, WO, C. Davio Mazer, M.D., Ficharo F. McLean, MO,

Teo 5. Rocoven, ML.D., B. Diana ScHouten, B.N., THomas B.J. Tooo, ML.D., ARTHUR S, Swutsky, ML.D.,
AND THE PRESSURE- AMD WV OLUME-LIMITED WVENTILATION STRATEGY GROUP®

Limited ventilation group vs Conventional group

Vt < 8mi/kg V# = 10 - 15 mi/kg
Pp/df'f 30 cm H20 Ppea/( = B0 cm H20

New Engl J Med 1998, 338: 355-361
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TapLe 3. Meaw VENTILATORY VARIARLES o Dars 1, 3, av 7%

WANILELE ey 1 Oay = Oay 7

LIMITED VENTILATION | CONTROL LMD VENTILATION | CONTROL | UMITED VEMTILATION | Cof TR

GROLT GROLTF GROUT GROLTT GROUT GROUT

(w=nl) fm=al) (=51} i =449 (=30 iw=235]

Tidal volme (ml/ k) T.0=07 107 =1 .4 7208 |0B=1.0f a.2x0a 10.1=1.4

Peak irspinamory presun: 24.215.2 2.1 x89.51 136158 a4.0x11.0¢ 24.5314.4 d3nxll.
lem of waer)

Fhireau airway pressum 12 2+h.4 R R W S 1231 +3.0 2B5T 2 Ma-47 2B.627 .2
lem o weer)

FEEP jem of waner) Baxiin 721x8.8§ Brt3a E4=3 .8 O &35 R RSN

Fia, 057 ~0.20 051018 047 ~0.14 047 =017 0440110 4501

Respirarory mce (breachs min 22,1 6.2 5.6 25.0¢ 131 x6.3 7.0 6.0t 249165 19247

Blinene vennbicion (e min| L1.1 =&.0 11738 l11.3=&5.2 11 Ex42 llaxz2E 12.3x4.0

*Varmbles are means =50 for the wzoond reading on the day specitied. PEET denores positne end-expirnmory pressune, and Ficy, fmaco
of mspired ooygen. The mumbers of pavems shown for che vanons days are those who were soll alive.

TP 0001 for che comparson wich che limived-vencilaoon groog. $P=0.01 dor che comparsan wich che hmied vencilanon gro

&= 0.02 ror the compan=on with the imied -venmbiion gronp.

New Engl J Med 1998; 338: 355-361
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Tidal Volume Reduction for Prevention

of Ventilator-induced Lung Injury in

Acute Respiratory Distress Syndrome

LAURENT BROCHARD, FRANGQISE ROUDOT-THORAVAL, ERIC ROUPIE, CHRISTOPHE DELCLALIX,

JEAN CHASTRE. ENRIQUE FERNANDEZ-MONDEJAR, EVA CLEMENTI, JORDI MANCEBO, PHILLIP FACTOR,
DIMITRI MATAMIS, MARCO RANIERI, LLLIS BLANCH, GIUSEPPE RODI, HERVE MENTEC, DIDIER DREYFUSS,

MIGUEL FERRER. CHRISTIAN BRUN-BUISSON, MARTIN TOEIN, FRANCOIS LEMAIRE,
and The Multicenter Trial Group on Tidal Velume Reduction in ARDS

Medical Intensive Care Lnit, Henrl Mondor Hospital, Assistance Publique-Hopitaux de Parls, Lniversité Parls ¥ and
INSERM LI 492, Cretell, Franoe

Vt < 10 ml/kg vs Vi = 10 ml/kg (Conventional approach)

Pplat < 25 cm H20 Normal PacO2

PEEP similar
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Sudvival rase (%]

""" == Stamclard venhlation in = 583
— el Nemitation in = S8

Days upon Study

Am J Respir Crit Care Med 1998, 158: 1831-183
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The New England
Journal of Medicine

o Capyrighe, 2000, by the Mamachuserns Medical Sociery

WOLUKE zaz Sav 4, 2000 MUMBEFR 18

&

VENTILATION WITH LOWER TIDAL VOLUMES AS COMPARED WITH
TREADITIONAL TIDAL VOLUMES FOR ACUTE LUNG INJURY
ANMD THE ACUTHE RESPIRATORY DISTREHESS SYNDROME

THE Aome REspRaTORyY DISTRESE SYMDROKE MNETWORK™

77"00'/'7"/'0/70/ VeﬂfIVGf/bﬂ Lower V7 Veﬂf/'/af/'oﬂ
Vt 12mi/kg IBW Vt 6 mi/kg IBW
Pplat < 50 cm HZ2O Pplat <« 30 cm HZO

New Engl J Med 2000, 342: 1301-130
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TABLE 1. SUMMARY OF VENTILATOR PROCEDUBES.*

chrarion of expiraton
Oxygenation gl

Pac),, 55- 80 mm H,
ar Spoy,, 38 - 958

GROUP FEENMING GROUP FECERNG
TrRap TR L TiaL Lowen T
VAHIRLE VOLLMES VOLUVES
Vemilawor madea Yhlume asis- onemd Vobrne 1ssie-caniml
Initial sicdal volume éml/ kg of prediced body 12 &
weighe 1t
Flaean pressore (cm of wiaber) = 500 = 30
Vemilawor re sring needed wo achieve apH &35 fi-35
goal of 73 o 745 {breachs,/min}
Ratio of the dirarion of aspiraton o the 1:1-1:3 1:1-1:3

Fach,, 55- B0 mm Hg,
or Spi),, BE- 95%

Adlowable combinations of Fidl, and FEEF 0.3 and & 02 md 5
‘o of waer |1 0.4and 5 04 and 5
0.4 and 3 04 and &

0.5 and 3 05 and 8

0.5 and 1D 05 and 10

D.&and 1D 045 and 10

0.7 and 1D 0F and 10

| 0.7 and 12 07 md 12

0.7 and 14 07 and 14

0.9 and 14 0% and 14

0.9 and 14 09 and 14

0.9 and 16 039 and 15

0. Jﬂ 13 039 :||j 1=

- 5 1.0 a 13 10and 1=

New Engl J Med 2000; 342: 1301-1308 L and 13 Lo and 13
l.0and 22 1.0 and 22

L.0and 24 1.0 and 14

TEmng By pressurs SOppan: re By pressuns suppate; e

quired by prowocal

quired by proenood
when FiD, =04

when RO =04
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Total Pacientes 861 New Engl J Med 2000; 342: 1301-130
Mort 31% vs 39.8 % (p=0.007)
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J | —
Brochard Brower Steward Amato ARDSnet

Minerva Anestesiol 2006, 72:117-¢
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The NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 JULY 22,2004 VOL. 351 NO.4

Higher versus Lower Positive End-Expiratory Pressures
in Patients with the Acute Respiratory Distress Syndrome

The National Heart, Lung, and Blood Institute ARDS Clinical Trials Networl®*
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Table 1. Summary of Ventilator Procedures in the Lower- and Higher-PEEP Groups.*

Procedure Value
Ventilator mode Volume assist/control
Tidal-volume goal & mlf kg of predicted body weight
Plateau-pressure goal =30 em of water
Ventilator rate and pH goal 615, adjusted to achieve arterial pH =7.30 if possible
Inspiration:expiration time 1:1-1:3
Oney genation goal
Pa, 3580 mm Hg
5p0; BE-05%
Weaning Weaning attempted by means of pressure support when level of arterial oxygenation acceptable

with PEEP =8 cm of water and FiO, =0.40
Allowable combinations of PEEP and FiO ;7
Lower-PEEP group

Fid, 03 04 04 05 05 06 07 07 07 08 0g 09 09 10

PEEP 5 5 ) 3 10 10 10 12 14 14 14 1& 18 18-24
Higher-PEEP group (before protocol changed to use higher levels of PEEP)

Fio, 03 03 03 03 03 04 0.4 0.5 05 0508 08 09 1.0

PEEP ] g 10 12 14 14 1& 1l 12 20 22 22 12-
Higher-PEEP group (after protocol changed to use higher levels of PEEP)

Fid, 03 03 04 04 05 05 0508 05 05 10

PEEP 12 14 14 15 1l 12 20 22 22 1224

NEIM 2004 351(4): 327-33
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—— Lower PEEF, overall survival
T
Higher PEEF, cverall survival
L PEEF, disch e
awer I_.Ei"irEE-F.-'_:—' e
‘r':::'-::-._r_.-_-n._ﬂr .
e igher PEEP, discharge
.r'—.'-‘--."*‘"
| | | |
30 40 50 60
Days after Randemization
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Table 4. Main Qutcome Variables.®

Outcome

Death before discharge home (%)

Unadjusted
Adjusted for differences in
baseline covariates

Breathing without assistance
by day 28 (%)

Mao. of ventilator-free days from
day 1 to day 287

Mo. of days not spent in intensive
care unit from day 1 to
day 28

Barotrauma (%]

Mao. of days without failure of
circulatory, coagulation,
hepatic, and renal organs
from day 1 to day 22

Lower-PEEP  Higher-PEEP

Group

24.9
27.5

72.8
14.5+10.4

12.2+10.4

10
l1e+11

Group

27.5
251

72.3
13.3+10.6

12.3£10.3

11
16+11

P Value

0.45
0.47

0.39

0.50

0.33

0.51
0.32
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Lower-PEEP Group Higher-PEEP Group PValua
85 Patients 86 Patients
171 Patients enrolled EﬂEErltj I?b.4i:'l? ?';;i:.m ofwater E,.lEEP' I-.'E'E_:;]ég;m of water <001
_ . . ortality, 14, ortality, 19. 0.32
befors morfication of (959 CI, 6.7-21.5) (95% €I, 11.4-28.2)
the higher-PEEP protocol : : _ e
= _|!'|E||I.I5tEE| Mo I't-Elll'l'f-'. _].EI4I;FL-I .I'-"|I:|_|L-IE-1:EI:| I"|1I:II_.E|ITE.'. 17555 083
(35% Cl, 5.7-23.1) (85% CI, 11.0-24.0)
133 Patients 190 Patients
E PEEP, 8.2+3.3 cm of water PEEP, 13.6+3.5 crm of water <0001
é:. 4 P""E'I'?;““ ‘?”'D'ﬂ Marsalisy, 28.3% Marealiny 31.1% 075
g FIEEF‘EE;'UTE';;.:;IE (95% CI, 23.3-36.3) (95% CI, 24.5-37.6)
B F Adjusted mortality, 32.8% Adjusted mortality 28.3% 029
(9556 CI, 25.7-39.9) (9596 Cl, 23.2-33.5)
273 Patients 276 Patients
PEEP, 8.3£3.2 cm of water PEEP, 13.2+3.5 cm of water <0001
Total of 549 patients Mortality, 24.9% Mortality, 27.5% 048
enrolled in the trial (957 CI, 19.8-30.0) (959 CI, 22.3-32.8)
Adjusted mortality, 27.5% Adjusted mortality, 25.1% 047
(957 CI, 23.0-31.9) (955 CI, 20.7-29.51)

NEIM 2004 351(4): 327-33
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ITMIPAIrITiCrit U1 LUlly 4aliua Lricst wwall iviceriiarnies In
Patients with Acute Respiratory Distress Syndrome
Role of Abdominal Distension

V. MARCO RANIERI, NICOLA BRIENZA, SERGIO SANTOSTASI, FILOMENA PUNTILLO,

LUCIANA MASCIA, NICOLA VITALE, ROCCO GIULIANI, VINCENZO MEMEO, FRANCESCO BRUNO,
TOMMASO FIORE, ANTONIO BRIENZA, and ARTHUR S. SLUTSKY
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AJRCCM1997; 156:1082-91
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Pressure=Volume Curves and Compliance in
Acute Lung Injury

Evidence of Recruitment Above the Lower Inflection Point

BJORN JONSON, JEAN-CHRISTOPHE RICHARD, CHRISTIAN STRAUS, JORDI MANCEBO,
FRANCOIS LEMAIRE, and LAURENT BROCHARD

1500

2000 - - - -
E
= _ L !
G oon -+ v ;ﬁ
E . ZEEP - =l
[} | ._.I-l'n'r
= L
I B : : f i i
) D L 1 T L] 1 :
(] 20 44 0 10 20 30 41
Fal, cm HzO Pal, cm H2O

AJRCCM1999; 159:1172-78
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State of the Art

What Has Computed Tomography Taught Us about the
Acute Respiratory Distress Syndrome?

LUCIANG GATTINONI, PIETRO CAIRONI, PAQLO PELOSI, and LAWREMCE R GOODMAM

Istituto di Anestesia e Rianimazione, Universita degli Studi di Milano, Cspedale Maggiore Polidinico—IRCCS, Milano, aly; and
Cepartment of Radiclogy, Medical College of Wisconsin, Milwaukee, Wisoonsin

1985 CT scan & Anesthesia Morfologia ARDS
’ 200
1986 Gattinoni CT scan & ARDS Aspectos clinicos

J

Am J Respir Crit Care Med 2001, 164: 1701-1711
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PEEP 5 cm HZ20 Am J Respir Crit Care Med 2001; 164: 1701-17.
ARDS Sepsis

Lesion heterogenea
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Crosms sacticn

i 'j'_l"' =1 voxal

Am J Respir Crit Care Med 2001, 164: 1701-17

Andlisis cuantitativo
Efecto de MR

SARTD- CHGUYV - Sesidon de Formacion Continuada
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Infiatizn Volume (%)

A= 0% Airway pressung (cm HyOo)

Reclutamiento pulmonar Am J Respir Crit Care Med 2001, 164: 1701-1711
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Protective ventilatory

Slidledics

l PAO,

Changes in VA/IQ
matching

Changes in Shunt
Qr

SARTD- CHGUV - Sesiéon de Formacion Continuada
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3
n>.. VT 8-10 ml/kg. l VT Return to
PEEP 8-10 cm H,0 basal
@ 2 1 PEEP conditions
30 min 30 min 30 min
Basal 1 Open Lung Basal 2
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veyuiaionyarattern

nd Respiratory Mechanics

5asal 1 Open Lung Basal 2

f min 15 15
416 * 663
PEEP cm H,O 9 18 * 9
Pplat cm H,O 28 (4.5) 29 (4.6) 28 (4.0)
Delta FRC 235 (190) 489 (149) * 179 (195)
Cs,, mL.cmH,O" 36 (14) 44 (16) * 38 (14)
Vr mL 187
* p<0.05

SARTD- CHGUV - Sesiéon de Formacion Continuada
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pHa

*
7,60 +
7,90 +
7,40 + \
7,30 1 -
7,20 +
7,10 +
7,00 | | |
Basal 1 Open Basal 2 Basal 1 Open Basal 2
Lung Lung
SARTD- CHGUV - Sesion de Formacion Continuada * p<0.05
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PVO,

mmHg o
90 -
80 -
290 - 70 -
240 y 60 | “
190 1 50 - L
140 - s 40 - =
0] T\ 30 -
40 I I I 20 T T T
Basal 1 Open Basal 2 Basal 1 Open Basal 2
Lung Lung
SARTD- CHGUYV - Sesion de Formacion Continuada * p<0.05
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Open Lung

0.9
pace 31% Dead space 49%

S 0.6 . 0.6
o Shunt 47% Shunt 23%
@
e
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s 03 | 0.3 ’
= /
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S /
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3 : ) |
g 00— - - 0.0 ~—- — y
§ 0.001 0.01 0.1 1 10 100 0.001 0.01 0.1 1 10 100
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20 | W 6 -
10 | | | | 4 | | |
Basal1 Open Basal 2 Basal1 Open Basal 2
Lung Lung

*
SARTD- CHGUYV - Sesion de Formacion Continuada p<0.05
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Open lung minus baseline
differences

10 - r2=0.79
0 i O 5‘_
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50 - o © -15 -
~ 1@ ° | ®
0 - -20 -
-50 - -25 - °
10 +———T——T T — 1 L e e L
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Conclusions

¢ ant increase in arterial
oxygenation was essentially explained by
alveolar recruitment and the subsequent
fall in intrapulmonary shunt produced by
the protective ventilatory strategy
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s of recruitment maneuvers
exchange in ALI/ARDS
atients”

Zavala E, Roca J, Adalia R, Heering Ch, Valera JL,
Alcon A, Rodriguez-Roisin R.

Hospital CLINIC
Universitat de Barcelona

ATS 2001
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Arterial Blood GasesiiiiNe /a1y,

P
240
190
1990
g9 ID(!CUQ
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" Effects of Recru
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Distress Syndrot
Assessment of

Or L Blanch H. Park Tauli (Sabadell)

Or F Suarez F. Jimenez Diaz (Madrid)

Or E Fernandez  H. Virgen de /as Nieves (Granada)
Dr J Mancebo H. Sant Pau (Barcelona)

Ora E Zavala H. Clinic (Barcelona)
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FEATH] minuees 23 in a5 40 i
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60 min 30 o 45 min 120 min Time (min)
INCLUSION | NIH ventilation Protocol LUNG RECRUITMENT STEADY STATE VENTILATION
- Age =18 ¥V Asparation of seerctions befere PCV
=5 Daws MY | W1 adjusted 1o 6 mldk B ;
"ﬁnfh't-- }"Ilm'l-:&‘:; _“’] 12’:_’; -KE starting the recruitment Delta P adjusted to Vt of 6-8 mL/ke
= S ]_E ﬂtr B ‘l’_'l‘ PFEEP 2 cnHZO above closing pressure,
]-:[{ : 1~'~a|:.p:|-:1 i'-:w_ Fn;tmml sheet, (example RR 10-35 bpm,
e atent b i
( adjested to achieve a pH goal of FE 1:1
EXCLUSION |[7.310745) ap aen whe ’ . ; { { i
: E:Ep:‘[.”[fr::[;zﬁ:m::ﬁé? schen; Avold patient Disconnection during the study peried.
-COPD PEEP targeted o |- PaO2FIO2 > 350 maintained If disconnection, a new recruilment, at identified opening
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Lo I8 J11Ej:lil‘-.'.lTﬂTj|' pressurg gradient should
Lo 10 b limited to obtam a ¥ < 400 mL
L 22
L 1

SARTD- CHGUV - Sesiéon de Formacion Continuada
Valencia 3 de Abril 2007



Lung Recruitment Maneuver

Mew
Lung Recruitment Find Closing Pressure Recruitment  gioady State
>—> >
G0+ | '| |
2 min steps |
b 5] | PEEP reduction |
= [4minsteps Uil a fall of > 10% 2 i stepe :
2 I in Oxygenation | pew, I
= | | | | DeltaP adjusted to vt 68 mLikg |
E a0 ¥ Tl | or Pplateau < 35 cmHZO
" r Collapse! RR 10-35 bpm |
= e l | LE 1:1 |
ﬁ Fio21 |
] e
= |_25 25 44 il
§~ { Stabilization PEEP level | 2B |
20-
< 191 pev. | PCV. |
10| DeltaP 15-20 cmbiz0 | DeltaP 10-15 cmH20 (¥t < 400 mL) | I
RR 10-35 bpm | RR 10-35 bpm
54 LE1:1 ] EE 1:4 I | 1
Fio2 1 | Fioz 1 : | |
5 10 15 = 20 25 30 35 40 45 50 55 60 6

Time {minutes)

Recruitment maneuver in an example patient in which delta P was maintained at 15 cmH20 , ﬂpen!ng pressures were found at
60/45 emH20 and closing pressures were found at PEEP of 11 emH20, After the reopening PEEP is maintained 2 emH20 above
the closing pressure. {13 emHZ0 in this patient).
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Influence of Tidal Volume on Alveolar Recruitment
Respective Role of PEEP and a Recruitment Maneuver

|[EAM-CHRISTOPHE RICHARD, 5ALVATORE M. MAGGIGRE, BIORN JOMSON, JORDI MAMCEBO, FRAMNCOIS LEMAIRE,
and LAUREMT BERCCHARD

kedical Inbensive Care Unit and INSERR U 492, Henri BMondor Hospital, University Paris X1, Créteil, France

—
TABLE 2. VENTILATORY SETTINGS DURIMG VENTILATION WITH
PEEP SET AT HMip®
L' T
(= 15% =15} p valua'
W, mi 411 + &5 G654 + Bd = 0.01
Wy, ml - kg 6+ 1 10+ 1 = 0.01
sEWPEEF, cm H O 10+ 4 10 4 M5
FEEPtCE, cm HzO 11+ 4 11 4 5
Felat, cm HO 21+ 8 i+ 10 = 0.01
Vt 6mi/kg vs 10 ml /kg Am J Respir Crit Care Med 2001 163: 1609-161.
PEEP LIP
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TAELE 2. GAS EXCHANGE AND HEMODYMAMIC PARAMETERS
CURING VENTILATION WITH PEEP SET AT Php®

Ly =W

{n= 15} (m = 15) p value!
Pa,,, mm Hg 136 + BD 154 + 82 M5
Pag ' Fia, mm Hg 165 + B4 183 + 80 i
5do,, W 4 B+ 5.0 I T | < 0.05
Pace, MM HGg &G0 + 35 ig + 21 < 0.001
FH 21T = 00 a6+ 00 < 0007
SEF, mm Hg 125 + 25 121 = 20 5
CEF, mm HQg a0+ o G+ 10 i
HR, min~' 101 = 15 3+ 15 M5

Am J Respir Crit Care Med 2001, 163. 1609-161.
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Am J Respir Crit Care Med 2001, 163: 1609-161.
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Alveolar Derecruitment at Decremental Positive

End-Expiratory Pressure Levels in Acute Lung Injury
Comparison with the Lower Inflection Point, Oxygenation, and Compliance

SALVATORE M. MAGGIORE, BJGRN JONSON, JEAN-CHRISTOPHE RICHARD, SAMIR JARER, FRANCOIS LEMAIRE,
and LAURENT EROCHARD

Medical Intensive Care Unit, INSERM U492 Heni Mondor Teaching Hospital, AP-HP, Paris X1 University, Créteil, France; and Department
of Clinical Physiclogy, Lund University Hospital, Lund, Seveden

curvas Px V a diferentes niveles de PEEP decrecientes
Determinar Pr cierre alveolar ............ PEEP optima

Am J Respir Crit Care Med 2001, 164: 795-801
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Recruitment Maneuvers during Lung Protective
Ventilation in Acute Respiratory Distress Syndrome

AMA VILLAGRA, ANA OCHAGAVIA, SARA VATUA, GASTON MURIAS, MARIA DEL MAR FERMAMDEZ,
JOSEFINA LOPEZ AGUILAR, RAFAEL FERMANDEZ, and LLUIS ELANCH

Critical Care Center, Hospital de Sabadell, Corporacio Parc Tauli, Sabadell, Spain

TABLE 2. VEMNTILATORY PATTERM AMD HEMODYMAMIC VARIAELES
EEFORE BRI AT THE STUDY DAY*

Early ARDS Late ARDS p Value
v, L 0,494 + 0.055 0463 + 0.076 M5
v, Lis 0.67 + 0.11 0.66 + 0.17 M5
Ve, Limin 104 + 1.5 10.7 + 1.5 M5
RR, breaths/min 21+ 3 24+ 4 M5
PEEF, cm HzO 14 + 1 15 + 2 M5
Fio, 0.84 + 0.14 0.79 + 0.14 M5
Ppeak 50 cm H20

PEEP > LIP

SARTD- CHGUV - Segign deRespacion/Edtireaded 2002 165: 165-170
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Am J Respir Crit Care Med 2002; 165: 165-170
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Effects of Recruiting Manenvers in Patients with Acute

Respriretory INstress Syndrome Ventilated with Protective
Ventilatory Mrategy

Savaow S, WW0L T Leciang dascia, MU0 T fonice D! Tevco, 9.0, 1 Feoo alsromas .0 T
Franoesoo G, W.0.,§ Lamenf Broofard, W0, | Anther & Shutsiy, 8.0, 8 1. Waroo Fanior .0

Vt bajo + MR (CPAP 40 x 40)
NIH (basal)

Fase temprana de/ ARDS Curvas P x V

Respondedores vs no respondedores

Anesthesiology 2002, 96: 795-80.
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The NEW ENGLAND
JOURNAL of MEDICINE

ESTARLISMED TB 1HTT APRIL 27, 2006 WL 3%4 MO 17

Lung Recruitment in Patients
with the Acute Respiratory Distress Syndrome

Luciano Gattinoni, M.D., F.R.C.P,, Pietro Caironi, M.D., Massimo Cressoni, M.D,, Davide Chiumello, M.D.,
¥. Marco Ranieri, M.D., Michael Quintel, M.D., Ph.D., Sebastiano Russo, M.D., Nicold Patroniti, M.D.,
Rodrigo Comejo, M.D., and Guillerrmeo Bugedo, M.D.

L~ Vent Mec

Restaurar oxigenacion adecuada

Ventilacion Protectora de
Pulmon OLA
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Cereral
Fapulation
Claractenstic M= B
.ﬁ_ag_:pr 55217
Fernale sme — now (%) 13 49
Body-mass inde 2545
58PS 11 sooref 17411
Tidalwalume — il kg of predicted body 38215
weight
Minube wertilation — liters{min 2330
Fespiratory rabe — breathsirmin 137
FEEF — crn of water 11.1+3 .0
Flatea pressure — cm of water sl
Fespiratone system cormplianos 44417
— il of watery
PaiD tFilh, AT T
Fid, 0.50415
Failly —mm Hg 42414
&rterial pH F A0 08
Causeof lung imjury — now (%
Preumonia 25 A7)
Sepais 24 [35)
& spiration 4 &)
Trauma Iid)
Cither] 12 18]
Fluid balance before study — mli day** 14 132027
Drays of wentilation before shudy 1 ith
Type of lung injury
&cube lurg irjury 1=
ARDS 49
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Mo, of Patients
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Lung Weight, Lung Weight,
39+51 g IT4+236 g
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24 |
22 : Patients with acute lung
21+10%
Il B injury without ARDSS
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35%

877

PEEP 25 cm H20; Pplat 40cm H20  PEEP 25 cm H20; Pplat 60cm H20

NEJM2006; 355:319-3¢
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Tidal Hyperinflation during Low Tidal Volume
Ventilation in Acute Respiratory Distress Syndrome

Pier Paolo Terragni, Giulio Rosboch, Andrea Tealdi, Eleonora Corno, Eleonora Menaldo, Ottavio Davini,
Giovanni Gandini, Peter Herrmann, Luciana Mascia, Michel Quintel, Arthur 5. Slutsky, Luciano Gattinoni,

AT A GLANCE COMMENTARY
Scientific Knowledge on the 5ubject

Limiting tidal volume to 6 ml’kg and plateau pressure to
30 em HyO protects the lungs of patients with acute respira-
tory distress syndrome from ventilator-induced lung injury

(VILI).

What This Study Adds to the Field

Patients characterized by a larger amount of collapsed lung

may be exposed to VILI despite tidal volume and pressure
limitation; plateau pressure should be limited to 28 cm H,O

to guarantee lung protection.

W O LAIS ST IV JIE A 7 SAS S 7 RAZE NN Z . SZNJ 1




ensive Care Med (2006) 32:177-178 ~
O 10, 1007/200134-005-2853-4 CORRESPONDENCE

ntolne Vielllard-Baron
yril Charron
rancols Jardin

ung “recruitment” or lung
verinflation maneuvers?
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Pplat 26-28 cm H20 |
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ORIGINAL

angols Jardin Is there a safe plateau pressure in ARDS?
The right heart only knows

Valoracion por ECOCardio de la (f) VD: 325 pacientes

Maortality
100 . (%)
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g0
60 : B [0 Mortality (%) 71
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45 40 2 W ACP
20 70 L
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18-26 27-35 >35 0 '
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Ventilatory management of acute respiratory distress syndrome:
A consensus of two

John J. Marini; Luciano Gattinoni

xecution of an ef-

fective [ung-pro-

tective ventilation

Strafeqy remains an empiri-

cal process best guided by in-

. CCM2004, 32:250-5
tegrated physiology and a
readiness fo revise the man-
agement approach depend-
ing on the individuals

response.
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End-Expiration

W

Moderate Stress/Strain
Extreme Stress/Sirain Tidal Forces Fg-d
{ Transpulmonary
and Microvascular
Pressures)
ola
Rupture Signaling

N Epithelial &

L= = e = Endothelial Cells
— Accomelate Their

Surfaces
N
Mecharo signaling via

infegring, cyvicskeleton, ion channels

inflammatory cascade

Cellular Infiltrati i Full- 5 .
. “B::w: [ntl'-l.:n:':l:rlilml 3 CCM2004, 32' 250"5
# Global stress/strain reduced by lowering Trans-Pulimonary Pressure (TPP)

& Local stress/stram less of TPP is more homogeneously applied (prone position)
& Local stress/strain reduced | PEEP “keeps open™
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‘Classify ARDS Type, Severity, & Cu-Mﬂrbiditias|
CEM2004 32.250-5

Non-Invasive Ventilation

No  Yes “eip iihate and Minimize eﬂ"nrt‘

+
Estimate Intravascular
Volume Status

k4
Repair Volume Deficit or Excess
i BP

Determine Recruitment Potential With

Adjust PEEP and Tidal Volume |

Yes
Extubate and/or
Discontinue Ventilation
No
Yes Prone Positioning for )
12-20 Hours/Day )

_ i .
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Balsas aea realccron de la CRF - Anestesia

Desplazamiento cefdlico del diafragma

Open Lung Management in Anesthesia
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Morbid Obesity and Postoperative Pulmonary Atelectasis:

An Underestimated Problem

\.
).

-5.
. Spahn, mp¢, and L. Magnusson, MD, PhD*

Imonary gas exchange because
atelectasis formation in nonobese patients.
In obese patients, atelectasis formation are more significant.

Eichenberger, MD*, 5. Proietti, MDt, 5. Wicky, MDt, . Frascarolo, pho¢, M. Suter, MDf,

Morbid obese patients Monobese patients
Variable (n =20 in = 10) P value
Male /female 4/16 3/7 N5
Body mass index (kg,/m?) 465 £ 7. 240+ 23 =<0.05
Age (yr) 395 = 100 475 * 13.7 N5
ASA status (I/11/1M) (0/15/5) (4/6/0) =0.05
Anesthesia duration (min) 1405 = 54.3 72.6 * 20.7 =001

AnesthAnlgesia2002, 95:1788-9.
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B Non-obese
185 - 00bese

Atelectasis (%)
o
I
]

Befora induction After extubation 24 hours after
extubation

AnesthAnlgesia2002; 95:1788-9
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Before induction After extubation 24 hours later

| SEN
AnesthAnlgesia2002, 95:1788-9
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Use of a Vital cag
Atelectasis after
Experimental Stua

Vitas Zemgulis, MD. Arne Tenling, MD;
ns Tyden, MD, PhD; Stefan Thelin, MD,
Hedenstierna, MD, PhD

‘ncremento shunt correlacionado con cantidad de atelectasia:
XM previene aparicion de atelectasias...............

Anesthesiology 1998, 88. 134-14
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Ventilation (o) and perfusion (e)

Lil'nin Baseline

PaOy= 210 mmHg

PaCly= 39 mmHg

| log SDo=0.51
061 FIO.= 40%
0.4 1
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l/min  vjtal Capacity / 40% O, group
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Inert Gas Exchange During Pneumopentoneum at
Incremental Values of Positive End-Expiratory Pressure

Alexander Loeckinger, MD, Axel Kleinsasser, MD, Christoph Hoermann, MD
Anette Krismer, M, Michael Gassner, MD, Christian Keller, MD
Friedrich Puehringer, MD, and Karl H. Lindner, MD

Department of Anesthesiology and Critical Care Medicine, The Leopold-Franzens-Universitv of Innsbruck,
Inns=bruck, Austria

V/Q Efecto de diferentes niveles de PEEP
insufilacion cO2 15 cm H20

Anesth Analg 2000 90: 466-471
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de Reclutamiento

osicion Prono
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BRyans 974  pacientes anestesiados en Prono

(1O

ejor expansion de las regiones
on con una mejoria en la

(70

1976 Estudio retrospectivo Prono
mejoraba la oxigenacion en 5 pacientes con SDRA
Douglas et al 1977: Estudio prospectivo Prono
mejoria en la oxigenacion en pacientes con SDRA.
.. En la actualidad se consideral Prono un método
simple y sequro de mejorar la oxigenacion....aungue

las causas fisiologicas no estdn completamente

exp licadas Eur Respir J 2002; 20: 1017-1028
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/siologicos del Prono

nacion

nica respiratoria

I gradiente de Ppl, inflacion
alveolar y la distribucion de la ventilacién

4. Aumentar el volumen pulmonar y disminuir la
cantidad de zonas atelectasiadas

Facilitar el drenaje de secreciones

Reducir el VALI

Introduc

Eur Respir J 2002; 20: 1017-1028
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WYSsrapaCIonNae inisuflacion alveolar,
ERRIECIDlNy Perifusion en ARD.g

(GAas'tissue ratio
™ Lad . Ln Cn

‘q’{ﬁé'i'é'é'@
Lung height %
attinoni L. In Tobin 1994. Principles and Practice of Mechanical Ventilation
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pfb' NG e a ventilacion alveolar

Eur Respir J 2002; 20: 1017-102¢
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Supine

Alrway clogsng pressurg

In cmasing plau ral
pressurs

Relative vertical distributions of

vantilation (V) and parfusion (Q)

Prone

AR EY Slo8aNg DS ine

. ol

& kR

Increasing pleural Anaesth Int Care 1999, 27: 194-201




e Vo/umen en .SDRA
s

Am J Respir Crit Care Med 2000; 161: 2005-201.
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Wygaerciandel corazon en la pérdida
gewolumen. en SDRA

[ 14 NORMAL SUBJECTS . | 38 PATIENTS WITH ARDS .

Am J Respir Crit Care Med 2000; 161: 2005-201.
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Fraction of gas
QEEEEEEEE

corazon en la pérdida
men en SDRA

Fight lower lobe segrment Left lower lobe segment
p= 0002 p=0.00
——
< 0D
|_*_|
Normal mhj-nl::li. ARDS Fatienis ¢ Hormal H.i:ljﬂl:-ﬁ ARDS Patlents

Am J Respir Crit Care Med 2000, 161: 2005-201.
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'he Prone Position Eliminates Compression of thi
ungs by the Heart

CHARD K. ALBERT and ROLF D. HUBMAYR

exlical Service, Denver Health Medical Center, and Department of Medicine, University of Coloradao Health Sciences Center,
erver, Colorado: and Mayo Clinic and Foundation, Rochester, Minnesota

,1paI tesis: Posicion prono mejora la oxigenacion porque
estaura la ventilacion en las regiones dorsales de/
ulmon, sin comprometer las zonas ventrales.

)bjetivo: Estudiar el mecanismo de este cambio de
entilacion, medicion del volumen pulmonar debajo del/
orazon.

acientes: 7 pacientes en Ds vs DP, mediante TAC

oradacico AmJ Respir Crit Care Med 2000; 161: 1660-16¢
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Wyiiplicaciones Clinicas

Za compresiva del corazon
sales del/ pulmon.

nuyen la Presion inspiratoria
necesaria para obtener el mdximo reclutamiento

3. Disminuye la PEEP necesaria para mantener el
reclutamiento

4. Disminuye la apertura y cierre ciclico de vias

aereas AmJRespir Crit Care Med 2000, 161: 1660-16¢
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Effects of the Prone Position on Respiratory Mechanics
and Gas Exchange during Acute Lung Injury

PAOLO PELOSI, DANIELA TUBIOLO, DANIELE MASCHERORNI. PIERLUIGI VICARDI.

STEFANIA CROTTI, FRANCO VALENZA, and LUCIAND GATTINONI

[stituto di Anestesia @ Rianimazione, Universita degli Studi de Milano and Servizio di Anestesia e Ranimazione, Ospedale Maaggiore,
Istituto di Ricowero e Cura a Caratters Scientifico (IRCCS), Milan, [taly

pulmonar’ durante 2 foras de Prono

ARTERIAL BELOOGD GAS VALUES AND PHYSIOLOGIC
DEAD SPACE DURING THE STUDY"

Peselime Prone Frone S plre SUpIne

o min 20 min 120 min 30 mn 120 mn
'.EI|L.. mim Hg 10319 + 23.79 11906 + 31.81 129.25 + 32.86/ 123.13 + 50.02 117.82 + 54.¢
'a,;,L..rnm Hi 48.04 + 11.13 5023 + 11.76 4961 + 11.74 49,665 + 1257 4B8.271 + 1200
Ha T.346 + 0.085 1.337 +0.067 7.334 + 0.063 1.336 + 0.07 T.348 *+ 0.
15T 028 + 012 Q27 + 011 025 + 011 0.27 + 0.0 028 + 0.1

Vi 0.55 + 0,08 058 + 0.07 0.55 + 0,08 0.55 + 0.09 0.55 + 0.8

AmJ Respir Crit Care Med 1998, 157: 387-39.
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Cst,rs miemn,0)
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camblos en Ila Compliance

38.4 + 13.7 vs 35.9 + 10.7 ml/em H.C
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o

Cst,L (micmn,0)

M
kd

52.4 + 23.3 vs 53.9 + 23.6 ml/cm H,C

Cst,W miemh,0)
]
=]

204.8 + 97.4 vs 135.9 + 52.5 ml/cm H.,

30 120 3E|. 120 iming
Basefing Prone Supine
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ZORENOSITioning atteneuates and
redisiributes VILI in dogs

a extension y distribucion de las
¥ edema resultante de la VM con

PEEP alta vs PEEP baja en DS y DP.

Estudio en 10 perros (5 ne DS y 5 DP) en intérvalos
de 6 hrs

El peso y el Score histologico DS > DP

En DP el peso era > en regiones dependientes, pero

sin cambios histologicos
Crit Care Med 2000; 28: 295-30.
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Supino

Crit Care Med 2000, 28: 295-303



Gonciusiones:

SN ESIHESaaeliedema en Ds en este estudio, era

SImlaraliprovecado;en estudios experimentales
previos, mediante ALl provocado por Ac. Oleico, en

animales ventilados con el mismo nivel de PEEP y

presion transpulmonar. Estas alteraciones quedaban

atenuadas por el prono.
Crit Care Med 2000, 28: 295-303
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The New England Tournal of Medicine

EFFECT OF PRONE POSITIONING ON THE SURVIVAL OF PATIENTS
WITH ACUTE RESPIRATORY FAILURE

LUCisnd GATTINGM, M. D, GsKN ToGKoNL MO, ANTONID PESENTL M.D., PaoLD TACCORE. M.D.,
DaKELE MascHEADNIL, M.D., VIOLETA LAB&ATA, M.5., ROERTD MaLaCcADe, M.0O. Paols DI Giuud, RN, M.S.C,
AoeerTD FuMmeGeLLl, M.D., Paowo FeLCEl, M.D., Lucs Breza, M.D. aND ROBERTD LaTNL M.D.,

FOR THE PROME —SLUIFIME STUDY GROUF®

Estudio multicéntricoy randomizado para la comparacion de
DS vs DP en 304 (152) y supervivencia en ambos grupos.
DP: > 6hrs durante 10 dias.
PaO./FIO, <« 200; PEEP > 5 cm H,O

PaO./FIO, <« 300; PEEP 5> 10 cm H,O
NEJM 2001; 345: 568-5;
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PaO./FIO, antes, a la hora y al final del Prono

NEIM 2001, 345: 568-5;
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TaILE 2 Cramcrs 1M BISPIRATORT VALWELIS DURING THE 10 Dwy TREXTMENT PRECD. ™
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Je secreciones

ejor en el torax

en Prono

4. Debido a la mejoria de /a distribucion de /a
Ventilacion,la Cst,w disminuye sin deterioro de /a
oxigenacion

5. En prono los pacientes responden mejor a MR

6. Proteccion ante VALI

crit Care 2002 6: 15-1.
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ento de riesgos
e demuestren que mejore el

3. Sobre/infra valoracion del Prono
4. La mejoria en la oxigenacion demostrada en estudios
animales, justifica el Prono en pacientes??

crit Care 2002; 6: 15-1,
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WIENCTdecTs of Prone Position on TAP and

paraioyascular and Renal function in
Patier vith A

s ALL, durante DP y DS:

oxigenacion

- Aumento de la PIA 12 + 4 vs 14 + 5 mmHg

- Aumento del IC & Aumento del DO,

- Disminucion de fraccion renal del IC

- Aumento de las resistencias vasculares renales

- Sin cambios en 6U, F&, excrecion renal Na, osm

crit Care and Trauma 2001; 92: 1226-123.
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pyIplIeaIioLs of Frone Ventilation in Patient
Wi/, y’*/i;'/ sfem Trauma with Fulminant
Acuiesrespiratory Distress Syndrome

=S IGRETIINIEGIETIlES I ARDS postraumatico (12 meses)
HipoxemiaNelrdcidriaia otras estrategias ventilatorias

- Edad 29+4.5 afios
-I5526 + 5
- Prono: LIS 3.5;
- PaO./FIO, 75 + 7 a 147 + 27
Complicaciones (44%):
- Dehiscencia de sutura abdominal
- Necrosis por presion facial severa y tordcica

- Paro cardiaco inmediatamente al Prono
Journal of Trauma 2000, 48: 224-22:
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CPAP 40 x 40

Pplat <« 30 cm H.O
x g e Ptransp < 15 cm H,C

'‘Open up the lung and keep it open”
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