


Acute Respiratory Distress Syndrome,{AR.é ]
I

A Clinical syndrome of severe dyspnea of rapid onset, hypoxemia, and
diffuse pulmonary infiltrates leading to respiratory failure

I Syndrome of acute and persistent lung inflammation with increased vascular

permeability
I Caused by diffuse lung injury from many underlying medical and surgical
disorders.
Timing Within 1 week of a known clinical insult or new or worsening respiratory
symptoms
Chest imaging® Bilateral opacities—not fully explained by effusions, lobar/lung collapse, or
nodules
Origin of edema Respiratory failure not fully explained by cardiac failure or fluid overload
Need objective assessment (eg, echocardiography) to exclude hydrostatic
edema if no risk factor present
Oxygenation®
Mild 200 mm Hg < Pa0,/Fio, = 300 mm Hg with PEEP or CPAP =5 cm H,0¢
Moderate 100 mm Hg < Pao,/Fio, = 200 mm Hg with PEEP =5 cm H,O
Severe Pa0,/FI0, = 100 mm Hg with PEEP =5 cm H;0

Lancet 1967; 2: 319
N EnglJ Med 2000;342:1334
JAMA 2012:307:2526



Risk Factors for ARDS

Direct lung injury Indirect lung injury

Pneumonia Sepsis

Aspiration of gastricontents Nonthoracidrauma or hemorrhagic shock
Pulmonary contusion Pancreatitis

Inhalation injury Major burn injury

Neardrowning Drug overdose

Transfusion of blood products
Cardiopulmonary bypass
Reperfusion edema after lung transplantation

embolectomy

Pneumonia, aspiration of gastric contents, and sepsis together account for more than 85% of

cases of ARDS in recent clinical trials.
N EnglJ Med 2017;377:562
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Clinical Course of ARDS
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Treatment of ARDS

No Specific Treatment

A General supportive care: mainstay of treatment

(1) recognition and treatment of the underlying medical and surgical disorders
(e.qg., sepsis, aspiration, trauma)

(2) minimizing procedures and their complications

(3) prophylaxis against venous thromboembolism, gastrointestinal bleeding,
aspiration, excessive sedation, and central venous catheter infections

(4) prompt recognition of nosocomial infections
(5) provision of adequate nutrition

A Fluid management: restrictive fluid balance

I Increased ventilator free days, ICU free days
N EnglJ Med 2006;354:256%5

A Corticosteroid ?
I Improved mortality and morbidity outcomes

Crit Care Med 2009;37:159403




EvidenceBased Recommendations for AR

Harri sonds Pr i ' eths,edoac Rt

Treatment Recommendatich
Mechanical ventilation

Low tidal volume

Minimized left atrial filling pressures

High-PEEP or fAopen | ungo

Prone position

Recruitment maneuvers

High-frequency ventilation
ECMO
Early neuromuscular blockade

Glucocorticoid treatment

O|O|>2I0/0/0|0|0|T|>

Surfactant replacement, inhaled NO, inhaedprostengland other artinflam
matory therapy (e.g., ketoconazole, PGE1, NSAIDSs)

®Key: A, recommended therapy based on strong clinical evidence from randomized clinical trials; B, recommended therapy base
on supportive but limited clinical dat&;, recommended only as alternative therapy on the basis of indeterminate eVjerate
recommended on the basis of clinical evidence against efficacy of therapy

Harrison's Principles of Internal Medicine, 19ed.
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36 YO Male with Severe ARDS
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Interactive Medical Case at NEJM

A His heart rate is 124 beats per minute, and his blood pressure is 92/58 mm Hg. Hi
height is 178 cm, and he weighs 75 kg. He is currently receiving ventilation with
volumeassist control at a tidal volume of 400 ml (5.5 ml per kilogram of predicted
body weight), a respiratory rate of 32 breaths per minute, positive>gndtory
pressure (PEEP) of 15 cm of water, and a fraction of inspired oxygsi ¢fF 1.0.

The measured plateau pressure is approximately 30 cm of water. For the past 4
hours, he has had persistent hypoxemia, with arterial oxygen saturation between ¢
and 82%. The most recent arterial blood gas measurement shows a pH of 7.22,
partial pressure of oxygen (&2 of 50 mm Hg, and partial pressure of carbon
dioxide (P&o,) of 62 mm Hg.

A Which one of the following approaches would you recommend for this patient?
Base your choice on the published literature, your own experience, guidelines, an
other sources of information, as appropriate.

1. Recommend initiation ofenovenou&CMO.
2. Continue current treatment with other therapies.



Key Components in Management of ARDS %E
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Clinical Indication of VV ECMO

A VvV ECMO

I Provideadequate gas excharmgmadrest the lungsdecreasing the insult
caused by mechanical ventilation

Gas Exchange in the Lungs

Air

|

Air sac of the
lungs
(alveolus)

Carbon
Blood from Oxygen  jioxide

the heart

Blood returning
to the heart
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Two distinct settings:
AFor rescue from refractohyypoxaemiahypercapnia, or both
AFor prevention of mechanical ventilation induced lung injury




Rescue from Refractory Respiratory Fallu.re§ %

Case Selection for VV ECMO 1

A ECMO can be used in patients at high risk of death doertgesponse to
conventional treatment

I Rescue from harmful effect of refractory hypoxemia, hypercapnia, or both

? Who is likely to benefit from EMCO
I ECMO can not treat the precipitating disease: reversibility
I Risk of ECMO complications

. There are as yei standardized selection critefoa patients who will benefit
from ECMO therapy.

Key to successful case selection
I Severity of illness and failure of conventional treatment
I Potentially reversible disease
I Contraindications
ECMO Extracorporeal Cardiopulmonary Support in Critical CafeE .



Prognosis of ARDS

No Change of High Mortality Over Time
- I I R
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«+r+» Randomized controlled trials

Am JRespirCrit Care Med 2009;179:220



High Risk of Death in Severe ARDS

Over 55% in Clinical Trials

Table 7. Hospital Mortality Based on Severity of Lung Injury at Baseline

No. (%)
I | Relative Risk
Lung Open (95% Confidence P
Pao./Flo, Ventilation Control Interval) Value?®
54% | Quartile 1: 41-106 57 (50) 77 (58) 0.86 (0.68-1.09)
Quartile 2: >106-142 46 (39) 55 (43) 0.92 (0.68-1.24) o
Quartile 3: >142-180 43 (33) 40 (33) 0.99 (0.69-1.41) '
Quartile 4: >180-250 27 (25) 33 (26) 0.90 (0.58-1.40) _
LOV study, JAMA 2008;299:637
58% P?:?ﬂz::'lf)lr?gﬂil;loo SUhgmLIp 15/53 35746 — 28.31 0.87 [D.67, 1.12]
Guerin 2004 E;:";; é;.r’”.-‘ﬁ —— 31;6 r;l_g: [aj?ul: 1:4]
Curley2005 1721 P ] 4 — 2 0.33 0.55 [0.05, 5.61]
Mancebo 2006 22/43 21729 — 13.25 0.71 [D.49, 1.02]
Chan 2007 206 a/7 4 — 1.31 0.39% [0.12, 1.25]
Femandez 2008 5/9 274 = 1.38 1.11 [0.36, 3.48]
Taccone 2009 33/73 48776 — 23.86 O0.85 [0.84, 1.11]
%’Lébstrftglr{gi?raﬁlnffﬁecl: 0-0.01 157/295 163/260 <> 100.00 C.B4 [0.74, 0.95]
Heterogeneity: 1 = 0%
0.2 05 1 2 5

Favors prone  Favors supine

Systematic review on prone positioning Intensive Care Med 2010; 36:585



ELSO REVA ANZ ECMO | ECMO Net | CESAR
Indications Mortality >80%;| PaQ/FiO, <50 | PaOQ/FiO, <60; | Oxygenation Murray
PaQ/Fi0,<80 | despite PEEP | PaCQ>100 index >30; scoreO 3 ;.pH
with FIO, >90% | 10 20 cm HO | mm Hg with PaQ/FiO, <70 | <7.20 despite
Murray score | and FiQ >80% | PaQ/FiO, <100 | with PEEPO 1 § optimum
3.004.0 Pplat>35 cm cm H,O for conventional
H,O, despite the patientsalready | treatment
attempt to admitted to an
reduceVt to ECMO center,
less than 4 pH <7.2
mL/kg PBW h:
hemodynamic
Instability
Considerations | Mortality >50%;| None None PaQ/FiO, <100 | Murray score
PaQ/Fi0,<150 with PEEP 02.5
with FiO, >90%; 010 gOnfor
Murray score patients
2.063.0 awaiting
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Table 1. Indications and Contraindications for ECMO in Severe Cases of ARDS.*

Indications

Severe hypoxemia (e.g., ratio of Pao, to F10, <80, despite the application of high levels of PEEP [typically 15-20 cm
of water]) for at least 6 hr in patients with potentially reversible respiratory failuref

Uncompensated hypercapnia with acidemia (pH <7.15) despite the best accepted standard of care for management
with a ventilator

Excessively high end-inspiratory plateau pressure (>35-45 cm of water, according to the patient’s body size) despite
the best accepted standard of care for management with a ventilator

Relative contraindications
High-pressure ventilation (end-inspiratory plateau pressure =30 cm of water) for >7 days
High Fio, requirements (>0.8) for >7 days

Limited vascular access

Any condition or organ dysfunction that would limit the likelihood of overall benefit from ECMO, such as severe,
irreversible brain injury or untreatable metastatic cancer

Absolute contraindication

Any condition that precludes the use of anticoagulation therapyi:

N EnglJ Med 2011;365:1905



CESAR Trial Ji

onventional Ventilation vs. CMO for evere dult espi'réio}'y Failtire.
N

100+ .
— — Conventional management
| —— ECMO*
'Ll
|
757 0+
i L
9 .
5 L,
£500 0 -T T T B
KT
T
o
25+
0 | | | |
0 50 100 150 200
Time (days)
Patients at risk
Conventional management 90 45 44 44 0
ECMO* 90 61 59 58 0
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Variables Value
Chest radiograph score
No alveolar consolidation 0
Alveolar consolidation confined to 1 quadrant 1
Alveolar consolidation confined to 2 quadrants 2
Alveolar consolidation confined to 3 quadrants 3
Alveolar consolidation in all 4 quadrants 4
Hypoxemia score
PaQ/FIO, 0300 0
PaQ/FIO, 225 to 299 1
PaQ/FIO, 175 to 224 2
PaQ/FIO, 100to 174 3
PaOQ/FIO, <100 4
PEEP score (when ventilated)
PEEP cmHO 5 0
PEEP 6 to 8cm H,0 1
PEEP 9 to 11cm H,0 2
PEEP 12 to 14cm H,O 3
PEEP cmHKO 15 4
Respiratory system compliance score (when availg
Compl i anmml/emHO O 80 0
Compliance 60 to 79ml/cm H,O 1
Compliance 40 to 59ml/cm H,O 2
Compliance 20 to 39ml/cm H,0 3
Compl i anml/emHRO O 19 4

Am RevRespirDis. 1988;4:720
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Berlin Definition ARDS

Table 3 Lung Injury Score (LIS) and component scores
according to in-hospital mortality in 550 patients on day
of acute respiratory distress syndrome (ARDS) diagnosis®

Overall Died N=135 Lived N=415  P-value
LIS score, mean £ SD 29106 27106 0.006°
Chest radiograph score 4(3t04) 4 (310 4) 0.77
Pa0,/FiO, category 4(3t04) 3(21t04) < 0.001
PEEP category 2(1to3) 2(0to 3) 002
Compliance category 3(3to3) 3(31to 3 048

Ann Intensive Care 2014:4:4



CESAR Doesn't Answer the ECMO Debategig?

T ———
- -

b ECMO group Conventional pvalue
72 did not receive ECMO 90 assigned for consideration Ul (r::;zg;emem Y
16 improved with conventional to receive ECMO Treatment by other management
manage ment < Missing all data 2 (2%) 0 NA
3 died within 43 h before transfer v High-frequency oscillation or jet ventilation 6 (7%) 13 (14%) 021
2 died during transfer Nitric oxide 9 (10%) 6 (7%) 0-60
1 had contraindication to heparint 68 received ECMO support Prone position 32 (4%) 38 (42%) 058
Steroids 76 (84%) 58 (64%) 0-001
: MARS 15 (17%) 0 <0-0001
| Continuous venovenous haemofiltration 72 (80%) 76 (84%) 0-61
| h 4 Treatment by low-volume low-pressure 84 (93%) 63 (70%) <0-0001
L — — —— — _ _ P Q0 reached primary' outcome ventilation strategy at any time
T Time under strategy (days) 23-9 (20-4) 15-0 (21-1) <0-0001
ECMO group Conventional Relative risk
(n=90)* management group (95% Cl, pvalue)
(n=90)
Death or severe disability at 6 months ~ NA NA 0-69 (0-05-0-97, 0-03)1
No 57 (63%) 41 (47%)% NA
Yes 33 (37%) 46 (53%)% NA
No information about severe disability 0 3(3%)§ NA
Died at =<6 months or before discharge MA MA 073 (0-52-1-03, 0-07)
No 57 (63%) 45 (50%) NA
Yes 33 (37%) 45 (45%) NA

Lancet 2009; 374: 1351
GGEEEEEEERERERERESBS



o W — - -
T -

[BAIAINS %

i
- 710%

ASAIO J 2017;63:60

-, Survived

mmNo: of Runs

2500
2000 -
500
1000 -
500

sSuny S703 40 (ON

Gl
NJ,
O
i
©
=
(@R
(7))
D
ad
=
'©
=
-
-
p
O
-
®
D
(0p]
D
O
=
O
LL

ELSO Registry Data




ANZIC ECMO for HIN1 ARDS

JAMA 2009;302:1888
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