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ARDSP@fintion

A The 1994 North Americauropean Consensus
Conference (NAECC) criteria:

A Onset- Acute and persistent

A Radiographic criteria Bilateral pulmonary infiltrates
consistent with the presence of edema

A Oxygenation criteria Impaired oxygenation regardless of
the PEEP concentration, with a Pao2/Fio2 ¢a3a0 torr
(40 kPa) for ALI and 200 torr (27 kPa) for ARDS

A Exclusion critertaClinical evidence of left atrial
hypertension or a pulmonaaytery catheter occlusion
pressure of 18 mm Hg.

m Bernard GR et al., Am J Respir Crit Care Med 1994
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A Direct injury i Indirect injury

i Pneumonia ia Severe sepsis

i Gastric aspiration a Transfusions

i Drowning i Shock

i Fat and amniotic fluid & Salicylate or narcotic
embolism overdose

i Pulmonary contusion a Pancreatitis
I Alveolar hemorrhage

I Toxic inhalation
I Reperfusion
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PATHOPHYSIOLOGY
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Normal Alveolus Injured Alveolus during the Acute Phase |
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¥ Evolution of Diffuse Alveolar Damage
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ARDS OUTCOME
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Recent trends in acute lung injury mortality: 1996-2005*

Sara E. Erickson, MD; Greg S. Martin, MD, MSc; J. Lucian Davis, MD; Michael A. Matthay, MD;
Mark D. Eisner, MD, MPH; for the NIH NHLBI ARDS Network



1= Crude 60day mortality among Acute Respiratory Distress
Syndrome ARDS) Networkatients, 1996,2005.
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i

W Survival of patients with earlyand late-onset

I— ALI/ARDS according to time from ICU admission:
unadjusted survival curves

A: p-value=0.10

10

n
Conclusions: There were no significant differences in mortality rates between early- and late-

onset ARDS, but patients with late-onset ALIVARDS had longer ICU and hospital len'!;_{thss of stay.
CHEST 2010; 137(1):81-87
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VENTILATOR INDUCED LUNG
INDJURY
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iI= VILI

Zone of over-distension B
C
Zone of atelectasis
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Spectrum of Regional Opening Pressures
(Supine Position)
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= Alveolar Interdependence
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Recognized Mechanisms of Alrspace
Injury
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¥ Microvascular Fracture in ARDS
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Volutrauma
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A Cyclic closing and reopening of alveoli
A Alveolar shear streselated injury
A Heterogeneous nature of lung aeration in ALI/ARDS
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= Gas Extravasation Barotrauma
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Barotrauma
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Ventilation Strategies & BAL
Cytokines

1.400 NI elul
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% Tremblay, Valenza Ribeiro, Li, Slutsky J Clinical Investigation99:94452, 1997
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PROTECTIVE VENTILATION
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Preventing Overdistention and
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LIMIT TIDAL VOLUME
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The New England
: Journal of Medicine

@ Copyright, 2000, by the Massachuserts Medical Sociery

VOLUME 342 NUMBER 18
1998

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

MARCELO BRiTTo PAssos AmAaTo, M.D., CARMEN SiLvia VALENTE BAreas, M.D., Denise MacHapo MeDpeiros, M.D.,
RicaArRDO BoRGES MAGALDI, M.D., GUILHERME DE PAULA PINTO ScHeTTINO, M.D., GERALDO LOReENZI-FILHO, M.D.,
RonaLpo Apis KairaLLa, M.D., DanieL DeHeINZELIN, M.D., CarLos Munoz, M.D., RoseLAINE OLIVEIRA, M.D.,
TeresA YAE Takacaki, M.D., AND CarLos RoBerTo RiBeiro CArvALHO, M.D.

53 patients
28 day mortality

lnteryvention Contiroll
33% AL




The New England
Journal of Medicine

© Copyright, 2000, by the Massachusetts Medical Society

VOLUME 342 MAY 4, 2000 NUMBER 18

VENTILATION WITH LOWER TIDAL VOLUMES AS COMPARED WITH
TRADITIONAL TIDAL VOLUMES FOR ACUTE LUNG INJURY
AND THE ACUTE RESPIRATORY DISTRESS SYNDROME

28 day mortality

Intervention Control
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NIH ARDS Network trial
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NEJM 2000;342:1301
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NIH ARDS Network trial

I L
NEJM 2000;342:1301
Low TV High TV P=
Morzality 31 10 0.Q07
Daye ol I 0,007
,L hj\
Days free
of organ 15 12 0.Q06
Fzilure
% Reducing from 12 to 6 ml/kg VT saved lives
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1= Tradeoffs with 6 ml/kg

6 vs 12 mi/kg Tidal Volume
Pa0, / FiO, Ratio
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Randomized Trials of MV

In ARDS

Study Patients, No. [ntervention _ p Value
Amato et al'® 53 = 6 ml/kg ABW: V1, < 20 em H,0 Pdriving 38% vs T1%4 0.001
Stewart et al'! 1990s 120 = Sml/kg IBW; V1 = 30 em Hz0 Pplat 50% vs 47% 0.72
Brochard et al** 116 610 mL/kg IBW; Vr; 25-30 em HyO Pplat 47% vs 389§ 0.38
Brower et al™ 52 = 8 ml/kg PBW: Vr; = 30 cm H,O Pplat 50% vs 46 0.61
ARMAY 19969 g4 < 6mlL/kg PBW: Vr: = 30 em H,0 Pplat 3106 vs 400 0.007
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LIMIT DISTENDING PRESSURE
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Is There a safe upper limit to

- plateau pressure in ARDS?

.
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O Vt=6 mlkg

60 mVt=12 mlkg
o~ 45 ARR = 9.4%
> 95%ClI: -3 to 22%
£ 10
=
15
0

ARR= 153 %
85%Cl 2 to 30%

ARR = 4 3%
95%Cl -9 t0 17%

ARR = 2.9%
95%CL 1110 177%

Quartile of Pplat

Figure 2. Mortality difference by quartile of Day 1 P,,.. The range of Py,
levels in cm H,O and the number of patients (n) is detailed in each bar
of the graph. ARR = absolute risk reduction; Cl = confidence interval.



Critical Care Perspective

Tidal Volume Reduction in Patients with Acute Lung
Injury When Plateau Pressures Are Not High

David N. Hager, Jerry A. Krishnan, Douglas L. Hayden, and Roy G. Brower for the ARDS
Clinical Trials Network

Department of Medicine, Johns Hopkins University, Baltimore, Maryland; and Biostatistics Center, Massachusetts General Hospital,
Boston, Massachusetts

Mortality Proportion
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Tidal hyperinflation during Low TV
ventilation in ARDS

Am | Respir Crit Care Med Vol 175. pp 160-166, 2007

A 30 patients with ARDS

A Ventilatory strategy (ARMA protocol)
i 6 ml/Kg IBW

A BAL3 cytokine measurements

A CT scan on mechanical ventilation
A Hyperinflated
A Normally aerated
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Tidal hyperinflation during low TV
ventilation in ARDS

A Hyperinflated Poorly aerated
A Normally aerated Non-aerated

21 Less protected «{mmmmml) More protected

Middle East Critical Care Assembly Am | Respir Crit Care Med Vol 175. pp 160-166, 2007



Despite the use of protective ventilatory
AaUN) GS3Ie o6c Yk
a 30 % of patients hyperinflated
a Plateau Pressure: it
+~ Protected (25.5 % 0.5) vs. unprotected (25.9 % 0.9)
a Higher inflammatory cytokines in unprotected
» Number of ventilator-free days:
~ Protected (7 % 8) vs. unprotected (' & 2)
» Mortality:
~ Protected (30%) vs. unprotected (40%)
Lirnit plateau oressure o < 28
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RECRUITMENT MANEUVER
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Factors Associated with
Recruitment Maneuvers Success

A Different types of lung injury, mainly pulmonary and extra
pulmonary origin

A Differences in the severity of lung injury

A Thetranspulmonarypressures reached during recruitment
Maneuvers

A The type of recruitment maneuver applied

A The PEEP levels used to stabilize the lungs after the recruitment
maneuver

A Differences in patient positioning (most notably supus@rone)

A Use of differentvasoactivedrugs, which may affect cardiac output
and the distribution of pulmonary blood flow, thus modifying gas
exchange.
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Recruitment Maneuvers

A Sustained inflation maneuvers with a continuous pressure
of 40 cmH20 is applied to the airways for up to 60 sec

A Incrementally increased PEEP limiting the maximum
Inspiratory pressure

A Pressurecontrolled ventilation applied with escalating
PEEP and constant driving pressure

A Prolonged lower pressure recruitment maneuver with PEEF
elevation up to 15 cmH20 and end inspiratory pauses for 7
sec twice per minute during 15 min

A Intermittent sighs to reach a specific plateau pressure in
volume or pressure control mode

A Long slow increase in inspiratory pressure up to 40 cmH2C
(RAMP)

3H
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Before recruitment After recruitment

Medoff et al, Crit Care Med 2000; 28:1210



ADD PEEP
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= The PEEP Effect
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= Higher vs. Lower PEEP
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JAMA

The Journal of the American MMedical Association

Positive EneExpiratory Pressure Setting in Adults With Acute
Lung Injury and Acute Respiratory Distress Syndrome
(EXPRESS)

Ventilation Strategy Using Low Tidal Volumes, Recruitment Maneuvers,
and High Positive Eréixpiratory Pressure for Acute Lung Injury and Acute
Respiratory Distress Syndrome

al hx{ €

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

ALVEOLI

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 Network*


http://jama.ama-assn.org/
http://jama.ama-assn.org/
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I CARING FOR THE
CRITICALLY ILL PATIENT

Higher vs Lower Positive End-Expiratory Pressure
in Patients With Acute Lung Injury

and Acute Respiratory Distress Syndrome
Systematic Review and Meta-analysis

0 arch 3 20100 303,10 9
33
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Time to Unassisted Breathing for Higher and Lower Positive
¥ EndExpiratory Pressure (PEEP) Stratified by Presence of
Acute Respiratory Distress Syndrome (ARDS) at Baseline

Time to unassisted breathing

Patients with ARDS
1.0+
0 B: HR, 1.16 25% Cl, 1.032-1.30); P =.01
= ]
= R
E i
o D44
i ]
R
D 1 1 1 1
0 7 14 21 28
Days After Randomization
Mo, at risk
Higher PEEF 244 (51 408 283 209
Lower PEEF 939 589 328 207 142
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Patients without ARDS

HR, 0.7 [95% Cl, 062-0.95), P=.04

=
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7 14 21 o8

Days After Randomization
145 25 =0 44
179 123 a3 (5}



Time to Death in Hospital for Higher and Lower Positive £nd
8 Expiratory Pressure (PEEP) Stratified by Presence of Acute
Respiratory Distress Syndrome (ARDS) at Baseline

In-hospital time to death
Patients with ARDS Patients without ARDS

—_

Conclusions Treatment with higher vs lower levels of PEEP was not associated with
improved hospital survival. However, higher levels were associated with improved sur-
vival among the subgroup of patients with ARDS.

0 20 40 60 0 20 40 60

Days After Randomization Days After Randomiz ation
Mo, at risk
Higher PEEF 949 B a3 BGE 183 158 148 144
Lower PEERP 9349 23 G449 E19 219 196 186 183
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BEST WAY TO SELECT PEEP
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1= Optimal PEEP
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