DSEE

HIZHB T AH-

c= XYy

N U X MR MR

=

B



Y Berlin difinition (20124)
SRS HH & 2 iF K F 72 1 g e R o B £ 72 13 AL 5 1 BB DL
J1 0 1o 5% il Ra S (bilateral opacities)
(HALX# CT) (WK, M, REEHOARTIIHMTE W)
Hifi 7K JilE o J5 K] IAERITOEE O A TIEHHTX v

(WHE7Z2 O I — 72 EDZFEHINEH 25V 2E)

LEd ==
B E 200 mmHg<Pa0,/FI0,<300 mmHg (PEEP/CPAP=5 cmH,0)
S5 100 mmHg<Pa0,/FI0,<200 mmHg (PEEP=5 cmH,0)

#H JE  Pa0,/FI0,<100 mmHg (PEEP=5 cmH,0)




* VVILI (ventilator-induced lung injury)
Dkey & 7254 D0D “trauma,

Atelectrauma : BBLE R

upu ) iTtiEiff‘ﬁ"—:LEé:%H@@FfiH%#‘i% @
 BEERT B EZTICHIT AL D D,

VOIUtrauma upper inflection point

UPX Y EL"DIHLB ERMENBEBEEINS, =
Barotrauma :

FICE-T~rALGT7 ) — 7 (/b
S8/ TRE ete..) Y EEE B,

(Tnnll]|

lower inflection point

Biotrauma : 2

[E&E 2 Patelectrauma/volutraumalZ & V) 4
C/lcVA b AhA YR =LICKD MBS,




R

(Dtidal volume

@driving pressure (BXHE. AP)

3transpulmonary pressure (FZFHE)

OEZE /TEREEZEICDOWNT



Beneficial effects of the "open lung approach” with low distending
pressures in acute respiratory distress syndrome. A prospective
randomized study on mechanical ventilation.

, C S Barbas, D M Medeiros , G de P Schettino , G Lorenzi Filho , R A Kairalla, D Deheinzelin,
C Morais, E de O Fernandes, and T Y Takagaki

Abstract

Alveolar overdistention and cyclic reopening of collapsed alveoli have been implicated in the
lung damage found in animals submitted to artificial ventilation. To test whether these
phenomena are impairing the recovery of patients with acute respiratory distress syndrome
(ARDS) submitted to conventional mechanical ventilation (MV), we evaluated the impact of a new
ventilatory strategy directed at minimizing "cyclic parenchymal stretch." After receiving pre-
established levels of hemodynamic, infectious, and general care, 28 patients with early ARDS
were randomly assigned to receive either MV based on a new approach (NA, consisting of
maintenance of end-expiratory pressures above the lower inflection point of the P x V curve, VT
< 6 ml/kg, peak pressures <40 cm H20, permissive hypercapnia, and stepwise utilization of
pressure-limited modes) or a conventional approach (C = conventional volume-cycled
ventilation, VT = 12 ml/kg, minimum PEEP guided by FIO2 and hemodynamics and normal PaCO2
levels). Fifteen patients were selected to receive NA, exhibiting a better evolution of the
Pa02/FIO2 ratio (p < 0.0001) and of compliance (p = 0.0018), requiring shorter periods under
FIO2 > 50% (p = 0.001) and a lower FIO2 at the day of death (p = 0.0002). After correcting for
baseline imbalances in APACHE Il, we observed a higher weaning rate in NA (p = 0.014) but not a
significantly improved survival (overall mortality: 5/15 in NA versus 7/13 in C, p = 0.45). We
concluded that the NA ventilatory strategy can markedly improve the lung function in patients
with ARDS, increasing the chances of early weaning and lung recovery during mechanical

Am J Respir Crit Care Med. 1995 Dec;152(6 Pt 1):1835-46.
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VENTILATION WITH LOWER TIDAL VOLUMES AS COMPARED WITH
TRADITIONAL TIDAL VOLUMES FOR ACUTE LUNG INJURY
AND THE ACUTE RESPIRATORY DISTRESS SYNDROME
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TABLE 1. SUMMARY OF VENTILATOR PROCEDURES.*

V ARIABLE

Ventilator mode

Initial tidal volume (ml/kg of predicted body
weight)t

Plateau pressure (cm of water)

Ventilator rate setting needed to achieve a pH
goal of 7.3 to 7.45 (breaths/min)

Ratio of the duration of inspiration to the
duration of expiration

Oxygenation goal

Allowable combinations of FiO, and PEEP
(cm of water)?

Weaning

GRouP RECEIVING
TRADITIONAL TIDAL

VOLUMES

Volume assist—control

12

<50
6-35

1:1-1:3

PaO,, 55-80 mm Hg,
or Sp0O,, 88-95%

0.3 and 5

0.4 and 5

0.4 and 8

0.5 and 8

0.5 and 10
0.6 and 10
0.7 and 10
0.7 and 12
0.7 and 14
0.8 and 14
0.9 and 14
0.9 and 16
0.9 and 18
1.0 and 18
1.0 and 20
1.0 and 22
1.0 and 24

By pressure support; re-
quired by protocol
when FiO,<0.4

GRouP RECEIVING

LoweR TIDAL
VOLUMES

Volume assist—control

6

<30
6-35

1:1-1:3

Pa0O,, 55-80 mm Hg,
or SpO,, 88-95%

0.3 and 5

0.4 and 5

0.4 and 8

0.5 and 8

0.5 and 10
0.6 and 10
0.7 and 10
0.7 and 12
0.7 and 14
0.8 and 14
0.9 and 14
0.9 and 16
0.9 and 18
1.0 and 18
1.0 and 20
1.0 and 22
1.0 and 24

By pressure support; re-
quired by protocol
when FiO,=<0.4

Predicted body weight (Devine® =)

5 1 50+091 x(B&K(cm) —152.4)
2% 1 455+091 x(H&(cm) —152.4)

P . Patient with ALI or ARDS
<30cmH,0
+<50cmH,0

| : tidal volume 6ml/kg, P

pla

C : tidal volume 12ml/kg, P
O : [ENFETEX

pla




TABLE 4. MAIN OUTCOME VARIABLES.*

V ARIABLE

Death before discharge home
and breathing without
assistance (%)

Breathing without assistance
by day 28 (%)

No. of ventilator-free days,
days 1 to 28

Barotrauma, days 1 to 28 (%)

No. of days without failure
of nonpulmonary organs
or systems, days 1 to 28

GRouP
RECEIVING
LoweRr TIDAL
VOLUMES

31.0

65.7

12*11

10
15+11

GRouP
RECEIVING
TRADITIONAL
TiDAL VOLUMES

39.8

55.0

10=11

11
1211

P VALUE

0.007

<0.001

0.007

0.43
0.006
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An Official American Thoracic Society/European Society of Intensive
Care Medicine/Society of Critical Care Medicine Clinical Practice
Guideline: Mechanical Ventilation in Adult Patients with Acute
Respiratory Distress Syndrome

Am J Respir Crit Care Med Vol 195, Iss 9, pp 1253-1263, May 1, 2017

Recommendation. We recommend that
adult patients with ARDS receive

Question 1: Should Patients with mechanical ventilation with strategies that
ARDS Receive Mechanical limit tidal volumes (4-8 ml/kg PBW) and
Ventilation Using LTVs and Inspiratory . . l

Pressures? inspiratory pressures (plateau

pressure < 30 cm H,O) (strong
recommendation, moderate confidence in
effect estimates).
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The NEW ENGLAND JOURNAL of MEDICINE

SPECIAL ARTICLE

Driving Pressure and Survival in the Acute
Respiratory Distress Syndrome

@celo B.P. A@M.D., Maureen O. Meade, M.D., Arthur S. Slutsky, M.D.,
Laurent Brochard, M.D., Eduardo L.V. Costa, M.D., David A. Schoenfeld, Ph.D.,
Thomas E. Stewart, M.D., Matthias Briel, M.D., Daniel Talmor, M.D., M.P.H.,

Alain Mercat, M.D., Jean-Christophe M. Richard, M.D.,
Carlos R.R. Carvalho, M.D., and Roy G. Brower, M.D.

N ENGL ) MED 372;8 NEJM.ORG FEBRUARY 19, 2015
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Crs = C_ + Ccw (RS = respiratory system, L = lung, CW = chest wall)
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Multivariate Relative Risk
of Death in the Hospital

Airway Pressure (cm of water)
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Higher PEEP: Not always protective

Higher plateau pressure: Not always risky
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ESTABLISHED IN 1812 SEPTEMBER 16, 2010 VOL. 363 NO. 12

Neuromuscular Blockers in Early Acute Respiratory
Distress Syndrome

Laurent Papazian, M.D., Ph.D., Jean-Marie Forel, M.D., Arnaud Gacouin, M.D., Christine Penot-Ragon, Pharm.D.,
Gilles Perrin, M.D., Anderson Loundou, Ph.D., Samir Jaber, M.D., Ph.D., Jean-Michel Arnal, M.D., Didier Perez, M.D.,
Jean-Marie Seghboyan, M.D., Jean-Michel Constantin, M.D., Ph.D., Pierre Courant, M.D., Jean-Yves Lefrant, M.D., Ph.D.,

Claude Guérin, M.D., Ph.D., Gwenaél Prat, M.D., Sophie Morange, M.D., and Antoine Roch, M.D., Ph.D.,
for the ACURASYS Study Investigators*
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Figure 2. Probability of Survival through Day 90, According to Study Group.

Cisatracurium Placebo

Outcome (N=177) (N=162)
No. of ventilator-free days{

From day 1 to day 28 10.6+9.7 8.5+9.4

From day 1 to day 90 53.1+35.8 44.6+37.5
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Spontaneous Effort Causes Occult Pendelluft
during Mechanical Ventilation

Takeshi Yoshida'2, Vinicius Torsani’, Susimeire Gomes', Roberta R. De Santis‘, Marcelo A. Beraldo!, Eduardo
L. V. Costa', Mauro R. Tucci!, Walter A. Zin® Brian P. Kavanagh*®, and Marcelo B. P. Amato’

'Laborat de Pneumologia LIM-09, Disciplina de Pneumologia, He: nl stitute (Inc )H spital das Cl s da Faci Id d de Medicina da
Universidade de Sao Paulo, Sao Paulo, B zil; “Department of Ane: th ology and Intensive Care Me d 0 aka U ly Graduate School of
Medici Suita, Japan; *Instituto de Bi f a Carlo: Ch agas Filho, Universidade F d ld R de } R de | 8 zil; and *Department of
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REVIEW

Esophageal and transpulmonary =
pressure in the clinical setting: meaning,
usefulness and perspectives

Tommaso Mauri', Takeshi Yoshida®**, Giacomo Bellani®, Ewan C. Goligher®”'?, Guillaume Carteaux®®,

Nuttapol Rittayamai'®'""'?, Francesco Mojoli'?, Davide Chiumello''? Lise Piquilloud''S, Salvatore Grasso'?,
Amal Jubran'®, Franco Laghi'®, Sheldon Magder'®, Antonio Pesenti''*, Stephen Loring?, Luciano Gattinoni™',
Daniel Talmor?, Lluis Blanch?', Marcelo Amato?, Lu Chen'""'?, Laurent Brochard'""'%, Jordi Mancebo?

and the PLeUral pressure working Group (PLUG—Acute Respiratory Failure section of the European Society of
Intensive Care Medicine)
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An Official American Thoracic Society/European Society of Intensive
Care Medicine/Society of Critical Care Medicine Clinical Practice
Guideline: Mechanical Ventilation in Adult Patients with Acute
Respiratory Distress Syndrome

Am J Respir Crit Care Med Vol 195, Iss 9, pp 1253-1263, May 1, 2017

Question 4: Should Patients with

ARDS Receive Higher, as Compared
with Lower, PEEP?

Recommendation. We suggest that adult
patients with moderate or severe ARDS receive
higher rather than lower levels of PEEP
(conditional recommendation, moderate
confidence in effect estimates).
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Mechanical Ventilation Guided by Esophageal Pressure
in Acute Lung Injury

Daniel Talmor, M.D., M.P.H., Todd Sarge, M.D., Atul Malhotra, M.D., Carl R. O’Donnell, Sc.D., M.P.H.,
Ray Ritz, R.R.T., Alan Lisbon, M.D., Victor Novack, M.D., Ph.D., and Stephen H. Loring, M.D.
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Effect of Titrating Positive End-Expira-
tory Pressure (PEEP) With an
Esophageal Pressure-Guided Strategy
vs an Empirical High PEEP-Fio; Strate-

gy on Death and Days Free From Me-

chanical Ventilation Among Patients

With Acute Respiratory Distress
“"EPVent?2 study” Syndrome

A Randomized Clinical Trial

Jeremy R. Beitler, MD, MPH'; Todd Sarge, MD?2: Valerie M. Banner-Goodspeed, MPH?Z2; et al

JAMA. 2019: 321(9): 846-857.
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Protocol Variable Pes-Guided PEEP

Empirical PEEP-Fio,

Ventilator mode
Tidal volume, mL/kg PBW

Volume or pressure assist control
6 (range, 4-8)

End-inspiratory pressure limit, P, =20
cm H,0

Respiratory rate set to attain 6-35
target pH 7.30-7.45, breaths/min
Inspiratory to expiratory 1.1-1.3
time ratio

Goal oxygenation Pao,: 55-80 mm Hg or Spo,: 88%-93%

Allowable combinations of Fio, Fio, P, cmH,0
and either end-expiratory P_or

PEEP to attain goal oxygenation®

0.3
0.4
0.5
0.5
0.6
0.6
0.7
0.7
0.8
0.8
0.9
0.9
1.0

A o nn 1 A B W W NN O O O

BRRIEBEFEVDERTE ZRHEL
FiO2 /PSR RERE ICERTE

Volume or pressure assist control

6 (range, 4-8)
Ppiar =35

6-35

=13

Pao,: 55-80 mm Hg or Spo,: 88%-93%

Fio, PEEP, cm H,0
0.3

0.3 8
0.3 10
0.4 10
0.4 12
0.4 14
0.4 16
0.4 18
0.5 18
0.5 20
0.6 20
0.7 20
0.8 20
0.8 22
0.9 22
1.0 22
1.0 24

ARDS Network @
[lower PEEP,FiO,]
& Y high PEEP

Zakan

0.3 and 5

0.4 and 5

0.4 and 8

0.5 and 8

0.5 and 10
0.6 and 10
0.7 and 10
0.7 and 12
0.7 and 14
0.8 and 14
0.9 and 14
0.9 and 16
0.9 and 18
1.0 and 18
1.0 and 20
1.0 and 22
1.0 and 24

RED




Median (IQR)

Pee-Guided PEEP (n = 102) | | Empirical PEEP-Fio, (n = 98)

Variable
Age,y 58 (47 to 66) 57.5 (43 to 69)
Sex, No. (%)
Female 38(37.3) 54 (55.1)
Male 64 (62.7) 44 (44.9)
PBW, mean (SD), kg 63.6(11.8) 60.4(12.2)
Actual body weight, kg 84.0(72.0t0 105.0) 79.5(68.2t097.9)
APACHE-II score, mean (SD)? 27 (8) 28(7)
SOFA score, mean (SD)° 11 (4) 11(4)
Time intubated prior to enrollment, h 22 (13 to 31) 21(15t029)
ARDS risk factors, No. (%)
Sepsis 86 (84.3) 85 (86.7)
Pneumonia 71(69.6) 78 (79.6)
Aspiration 20(19.6) 22 (22.4)
Prolonged shock 9(8.8) 17(17.3)
Multiple transfusions 10 (9.8) 9(9.2)
Acute pancreatitis 3(2.9) 4(4.1)
Trauma 3(2.9) 3(3.1)
Any pulmonary risk factor 82 (80.4) 88 (89.8)

Respiratory characteristics

pH

Paco,, mm Hg
Pao,, mm Hg
Pao,:Fio,, mm Hg

Tidal volume, mL/kg PBW

7.33(7.27t07.37)
44 (38 to 52)

71 (61 to 86)

95 (73 to 129)
6.2(5.9t06.7)

7.33(7.25 t0 7.40)
43 (37to 51)

69 (61 to 84)

90 (69 to 123)

6.2 (5.8t07.1)

Airway pressure, cm H,0

Plateau

28 (24 to 32)

27 (25 to 30)

Mean
Set PEEP, cm H,0

20 (16 to 24)
14 (10 to 18)

19 (16 to 22)
12.5 (10 to 16)

Fio,

Respiratory rate, breaths/min
Minute ventilation, L/min

Pes, cm H,0
At end-inspiration
At end-expiration

P, cm H,0
At end-inspiration

At end-expiration

Airway driving pressure, cm H,0
Transpulmonary driving pressure, cm H,0
Lung compliance, mL/cm H,0

Respiratory system compliance, mL/cm H,0

0.60(0.50t0 0.80)
26 (22 to 30)
10.3(8.5t012.1)

19 (16 to 21)
16 (13 to 19)

8(6to11)
0(-3to 1)
13 (10 to 15)
8(7to11)
48 (34 10 63)
32 (25 to 41)

0.60(0.50 to 0.70)
26 (22 to 30)
9.4(8.4t011.3)

18 (16 to 21)
15 (13 to 18)

9(5to12)
-1(-3t02)
13 (11to 15)
9(7to11)
42 (33to 55)
30(23t037)



T (ETFHAR) £ 28AVFD IC2PWTESZLEBEL-RaA7 = 24 L

Pes-Guided PEEP Empirical PEEP-Fi0, Absolute Difference, %
Variable (n=102) (n =98) (95% CI)® P Value®©
Primary End Point
Probability of more favorable outcome, a ranked composite |49.6 (41.7 to 57.5) 50.4 (42.5 t0 58.3) NR€ .92
incorporating death and days free from mechanical
ventilation among survivors, % (95% CI)¢
Secondary Clinical End Points
Mortality through day 28, No. (%) 33(32.4) 30 (30.6) 1.7 (-11.1to 14.6) .88
Days free from mechanical ventilation among survivors 22 (15to 24) 21 (16.5 to 24) 0(-1to2) .85
through day 28, median (IQR)
Mortality through day 60, No./total No. (%) 38/101 (37.6) 37/98 (37.8) -0.1(-13.6t013.3) >.99
Mortality through 1y, No./total No. (%) 44/100 (44.0) 44/96 (45.8) -1.8(-15.8t012.1) .89
Ventilator-free days through day 28, median (IQR)f 15.5 (0 to 23) 17.5 (0 to 23) 0(0to0) .93
ICU length of stay through day 28, median (IQR), d 10 (6to17) 9.5(5to0 14) 1(-1to3) 24
Hospital length of stay through day 28, median (IQR), d 16 (9 to 26) 15 (8 to 24) 0(-1to3) .58
Hospital length of stay through day 60, median (IQR), d 16 (9to 26) 15 (8 to 24) 1(-2to4) 47

28HJETER, 60HI LT, 1F5E TR, 28HVFD, ICUFZEHZ. 28HARBE#. 60B ABRBE
= BEELL
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(Dtidal volume

@driving pressure (BXHE. AP)

3transpulmonary pressure (FZFHE)
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VILI = ventilator-induced lung injury (A TPEO% 2SR E {5 E)

P-SILI = patient self-inflicted lung injury (B FMRKEEMEZE)

Diaphragm injury (EfREEE)
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Lung-protective ventilation

=tidal volume. driving pressure, #XfhE « - -

Diaphragm-protective ventilation
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% transdiaphragmatic pressure

(EafR iR A ME Y 9 )

Pdi = Pab — Ppl

= Pga — Pes

L R iERAR T
. BRERE
Dab: HEHI)\}:T:

Pes: B EANT
Pga: AL




A Pdi = inspiratory swing in Pdi (Pdi = Pga — Pes)

(D to prevent overassistance myotrauma

APdi > 3-bcmH,0
(2 to prevent underassistance myotrauma

APdi < 10-15cmH,0

Am J Respir Crit Care Med. 2020 Oct 1; 202(7): 950-961



*FEHERMR

- ARDSERE(ZfEHRAIgelc®=X1 7 & LT, 5E. tidal volume,/
driving pressure,/ f&fH/E /R EE = 2T 7=,

TELTZESRAY v MEKREWVW—7A, BoNBHUEDEBEMEDBITHY
ZRICEEINDS 0, BBEBOBER TR ERREZIEEIEAN 1AL
CCEICEBRTDHDHNEDLD D,

| EfRIRREE L Y REZETL] §H5 XXV ATRWVWY, HiBlEIRE
LERTED LD BEZLICERINATILEDLNDH B,




