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• Acute respiratory failure 

• Major post-operative state

• Pneumonia

• Congestive heart failure

• Sepsis

• Trauma

• Acute respiratory distress syndrome (ARDS)

Who receive respiratory care ?



• 1928: noninvasive negative-pressure 

ventilator widely used during the polio

• 1949: John Haven Emerson developed a 

mechanical assister for anesthesia

• 1971:  first SERVO 900 ventilator

• 1982: Dräger developed monitoring the 

patient's breathing curve on the monitor

Dawn age



• In Korean ICU : ARDS ??, pneumonia 29.1%

• Intubated patients : VAP incidence (3 -10 folds)

• Overall hospital mortality : 40.0%

• Management of Severe sepsis in Asia's Intensive Care Units (

MOSAICS) : mortality – 57%

• Socioeconomic cost : 28%

Korean J Healthc Assoc Infect Control Prev 2016;21(2):37-49.

In Korea



Beginning

• 12 Patients (Trauma:7, Viral Pneumonia:4, Pancreatitis:1)

• Symptom

– Tachypnea, cyanosis

– Decreased lung compliance

– Diffuse infiltrate on CXR



Definition

JAMA. 2012;307:2526-33.



Classification

JAMA. 2012;307:2526-33.



Risk factor

Direct lung injury

• Pneumonia

• Aspiration

• Inhalation injury

• Pulmonary contusion

• Fat emboli

• Drowning

Indirect lung injury

• Sepsis

• Severe trauma 

• Massive transfusion

• Severe burn

• Drug 

• Acute pancreatitis



Differential diagnosis

• Cardiogenic pulmonary edema

• Diffuse pneumonia

• Alveolar hemorrhage

• Pulmonary embolism

• Transfusion reaction

– Transfusion related acute lung injury (TRALI )

– Transfusion-associated circulatory overload (TACO)



Differential diagnosis

Feature ARDS Pneumonia Pulmonary

embolism

Cardiogenic 

edema

Acute onset O O O O

Fever O O O △

Bilateral 

involvement

O O X O

Decreased 

P/F ratio

O O O X

BNP <100 pg/mL >100 pg/mL



Cause

N Engl J Med 2000;342:1334-49.

Cardiogenic Non-cardiogenic

• Hydrostatic

• Hemodynamic

• Permeability

• Diuresis

• Afterload reduction

• Lung-protective ventilation

• Therapy for underlying 

disorders

Permeability edema : refractory hypoxemia



Course

• Exudative phase (onset – 7 days)

– Edema

– Hyaline membrane formation

• Proliferative phase (7 – 21 days)

– Interstitial Inflammation

• Fibrotic phase (21 days - )

– Fibrosis

N Engl J Med. 2017;377:562-72.



Early stage

• Pulmonary edema

• Cytokines (TNF, IL-1, IL-8): inflammation

• Reduction and inactivation of surfactant production

• Widespread atelectasis

• Structure damage

• Edema fluid into the lung

N Engl J Med. 2017;377:562-72.



Advanced stage

• Chronic inflammation

• Cellular infiltration of alveolar septum

• Fibrosis of alveolar septum

• Traction bronchiectasis

• Alveolar duct fibrosis

N Engl J Med. 2017;377:562-72.



Diagnosis

• Clinical criteria

– Parameters

– Onset timing

• BAL

– ARDS > neutrophil > 80%

– Protein (lavage/serum) <0.5 = Hydrostatic edema

– Protein (lavage/serum) >0.7 = Lung inflammation

• Lung ultrasound



Murray score

• Murray et al. : 1988

– Degree of lung infiltration

– P/F ratio

– Compliance 

– PEEP

• Disadvantage

– Poor predictive outcome

– But doesn’t exclude left heart failure

Ann Intensive Care. 2014; 4: 4.



Barrier

• The diagnosis of ARDS was delayed or missed 

in two-thirds of patients, with the diagnosis 

missed entirely in 40% of patients.

Intensive Care Med. 2020 Jun;46(6):1180-3.



Problems

• Barotrauma 

• Volutrauma

• Atelectrauma

• Biotrauma

• Oxygen



VILI

• Barotrauma 

– High inspiratory pressure induced lung injury

• Volutrauma

– High tidal volume 

– Alveolar overdistension

Critical Care 2014.18:211.



Atelectrauma

• Repeated opening & closing of collapsed lung units

• May be safer than volutrauma

• Cyclic atelectasis

– shear stress

– surfactant alteration

Intensive Care Med. 2017 May;43(5):603-11.



Biotrauma

• High TV, alveolar epithelium

• Regional release of inflammatory mediators from alveoli

• Systemic activation of cytokines, endotoxin, bacteria, 

proteases

• Non-pulmonary organ failure

• Biomarker: the soluble receptor for advanced glycation

end-products (sRAGE) - lung epithelial injury

Crit Care Med. 2019 Nov;47(11):1505-12.



Pathophysiology

Lung edema

V/Q mismatch

Inflammatory 

cellular infiltration

Hypoxemia

Lung compliance ↓

Atelectasis

Pulmonary 

vasoconstriction

Respir Care. 2015 Nov;60(11):1688-704.



Treatment

• Improving Gas exchange 

• Fluid management

• Nutrition support

• Avoid secondary injury

• Prevention of complication

• Control of underlying disease

– Pneumonia, sepsis

Lancet 2016; 388: 2416–30.



Lancet 2016; 388: 2416–30.



Guideline

JAMA. 2018;319(7):698-710.



Clinical practice guideline

2021 KOREA ARDS



Question ?

• Systemic steroid ?

• Inhaled NO ?



Issue

• Lower TV or not ?



Lower TV

• ARMA trial by ARDSNet

– 6mL/kg & Pplat ≤ 30cmH2O vs 12mL/Kg & Pplat ≤ 50 cmH2O

N Engl J Med 2000; 342:1301-8.



• Conclusion : The use of very low TV with ECCO2R has 

reduce VILI compared with a 'normal' lung protective 

management.

Intensive Care Med. 2013 May;39(5):847-56

Xtravent trial





SUPERNOVA

• The benefits of early TV and plateau pressure reduction 

allowed by the latest generation ECCO2R device in 

moderate to severe ARDS.

• Decrease

– From 6 to 5, 4 or 3 ml/kg IBW

– To decrease Pplat <25 cm H2O

– To further reduce VILI

– With sufficient PEEP to prevent lung derecruitment



• 2015 – 2017

• N = 95

• Moderate ARDS

– PaO2/FiO2 100–200 mmHg

– TV: 3-4 ml/kg

– Peak pressure: < 25 cmH2O

• ECCO2R



Issue

• High PEEP ?



High PEEP

• Positive effects

– Recruits collapsed alveoli and keeps recruited units open

– Decrease shunt, improves PaO2

– Increases lung compliance

– Reduces ventilator-associated lung injury

• Negative effects

– Increases risk of barotrauma (overdistension)

– Hemodynamic compromise



High PEEP

JAMA. 2010;303(9):865-73.



Optimal PEEP

• Adjust Positive End-Expiratory Pressure

• Esophageal Pressure–Guided Strategy

JAMA. 2019;321(9):846-57.

Lower PEEP

Decrease of alveolar recruitment , increase of cyclic 

atelectasis : worsening of ARDS



Ventilator

Avoid overdistension

: Low tidal volumes

Keep the lung open at end 
expiration

: PEEP



Issue

• RM ?



Recruitment maneuver

• Set the ventilator to CPAP mode and increase the 

pressure to 30–40 cm H2O for 30–40 s while monitoring 

the patient for signs of adverse effects

• Decrease the intrapulmonary shunt and improve 

oxygenation and compliance

• There was no differences in mortality rate, not 

recommended in severe ARDS

Ann. Intensive Care (2019) 9:69



Issue

• Neuromuscular blocker ?



NMB

Intensive Care Med. 2020;46(12):2357-72.



Practical guideline

Intensive Care Med (2020) 46. 1977–86. 



Issue

• Prone position ?



Prone position

• Redistributes blood flow and ventilation

• Promotes secretion clearance

• Shifts the weight of the mediastinal contents anteriorly

• Improvement of P/F ratio

• Duration: > 16 hours





PROSEVA

N Engl J Med 2013; 368:2159-68.





Fluid balance

Can J Respir Ther 2019;55:1–8.



• Albumin versus normal saline

• 6997 patients

• Primary outcome: 28-day death

N Engl J Med. 2004; 350:2247-56.



Patterns of fluid resuscitation

PLoS One. 2017 May 12;12(5)



Crystalloids vs. colloids

Cochrane Database Syst Rev. 2018 Aug 3;8:CD000567.



Fluid management

• Capillary permeability increases, lung water accumulates 

• Reduction of lung water improves oxygenation, and lung 

compliance

• Always negative ?

Intensive Care Med (2020) 46:2252–64.



Adjuvant therapy



Issue



Prevention and management of ARDS in the setting of surgeon.

Intensive Care Med. 2021;47(2):208221.

Despite improvements in management of ARDS on the critical care unit, 
this complex disease continues to be a major life-threatening event. 

J Inflamm (Lond). 2019; 16: 1.

Superimposed VILI and viral disease incite inflammation and edema, 
intense cytokine release, right ventricular overload, and systemic organ 
dysfunction.

JAMA. 2020;323(22):2329-30.





ARDSTV, PEEP

Medical treatment

ECMO

Dry lung

Prone



Thank you for your time and your attention !


