
    

Acute Respiratory Distress Acute Respiratory Distress 
SyndromeSyndrome

(ARDS)(ARDS)

Sotiris PapaspyrosSotiris Papaspyros



    

DefinitionDefinition

Syndrome of Syndrome of acute respiratory failureacute respiratory failure  
with with 

non cardiogenic pulmonary oedemanon cardiogenic pulmonary oedema,,

leading to:leading to:

reduced reduced compliance compliance and and hypoxaemiahypoxaemia,,

refractory to O2 therapy.refractory to O2 therapy.



    

DefinitionDefinition

1.1. Diffuse bilateral infiltrates on CXRDiffuse bilateral infiltrates on CXR

2.2. PAWP <18mmHg (non cardiogenic)PAWP <18mmHg (non cardiogenic)

3.3. If PaO2:FiO2 < 300 If PaO2:FiO2 < 300 acute lung injuryacute lung injury (ALI) is  (ALI) is 
considered to be present.considered to be present.

4.4. If PaO2:FiO2 < 200 acute respiratory distress If PaO2:FiO2 < 200 acute respiratory distress 
syndrome (ARDS) is considered to be present syndrome (ARDS) is considered to be present 

http://en.wikipedia.org/w/index.php?title=Acute_lung_injury&action=edit


    



    



    



    

AetiologyAetiology

1.1. Pulmonary. Pulmonary. 
• PneumoniaPneumonia

• AspirationAspiration

• Fat Embolism (long bone fractures)Fat Embolism (long bone fractures)

• Burns (smoke inhalation)Burns (smoke inhalation)

• Trauma (lung contusion)Trauma (lung contusion)

2.2. SIRS.SIRS.
• Trauma (surgery)Trauma (surgery)

• PancreatitisPancreatitis

• SepsisSepsis



    



    

AetiologyAetiology

3.3. CPB, CPB, 

4.4. Massive transfusion, Massive transfusion, 

5.5. Drug overdose, Drug overdose, 

6.6. Near drowning.Near drowning.



    

PathophysiologyPathophysiology

1.1. Initiating stimulusInitiating stimulus

2.2. Host responseHost response

3.3. Iatrogenic damageIatrogenic damage



    

PathophysiologyPathophysiology

1.1. Exudative phase.(day1-7)Exudative phase.(day1-7)
• Activation of neutrophils, macrophages, Activation of neutrophils, macrophages, 

complement, coagulation cascadescomplement, coagulation cascades

• Increase capillary permeabilityIncrease capillary permeability

• Type 2 pneumocyte injury (surfactant)Type 2 pneumocyte injury (surfactant)

2.2. Proliferative phase.(day 7-  )Proliferative phase.(day 7-  )
• Organisation & repairOrganisation & repair

• Type 2 pneumocyte proliferationType 2 pneumocyte proliferation

3.3.        Interstitial fibrosis (3 weeks-  )Interstitial fibrosis (3 weeks-  )



    



    



    

Physiological consequences Physiological consequences 
summarysummary

• ↓FRC↓FRC

• V/Q MismatchV/Q Mismatch

• ↓Compliance (↓ surfactant)↓Compliance (↓ surfactant)

• ↑PVR (Hypoxia)→↑RV work↑PVR (Hypoxia)→↑RV work

• Absorption atelectasis. (Iatrogenic, Absorption atelectasis. (Iatrogenic, 
high FiO2)high FiO2)
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Role of surfactant



    

PVRPVR

• HypoxiaHypoxia

• HypercarbiaHypercarbia

• ThrombosisThrombosis

↑PVR 
(↓PRELOAD,↓SV) 
(CO=HR x SV)

   ↓CO 
(HYPOXIA)



    

Absorption atelectasisAbsorption atelectasis



    

PathologyPathology



    



    

Clinical:
• Tachypnoea
• Cyanosis
• Pyrexia
• Crackles
• Air leak syndrome associated



    

INVESTIGATIONSINVESTIGATIONS
• FBC (FBC (↑WBC, ↓PLT)↑WBC, ↓PLT)

• ABGs (ABGs (↓↓PaO2, PaO2, ↑↓↑↓PaCO2,PaCO2,↓↓pH)pH)

• CXR CXR 
• No CardiomegalyNo Cardiomegaly

• Rarely Kerley linesRarely Kerley lines

• Air leak syndromesAir leak syndromes

• CT: CT: 
• researchers have shown a marked spatial distribution researchers have shown a marked spatial distribution 

of parenchymal involvement.of parenchymal involvement.

• In patients ventilated supine collapse was more In patients ventilated supine collapse was more 
pronounced dorsally. (Role of prone ventilation).pronounced dorsally. (Role of prone ventilation).



    

Management strategiesManagement strategies

1.1. Treat initial insult.Treat initial insult.
2.2. VentilationVentilation

 PEEPPEEP
 I:E ratio 1:1I:E ratio 1:1
 Prone ventilationProne ventilation
 Small TV (permissive hypercapnia)Small TV (permissive hypercapnia)
 NONO

3.3. Nutritional supportNutritional support
4.4. Fluid balance Fluid balance (prevent cardiogenic pulmonary (prevent cardiogenic pulmonary 

oedema)oedema)



    

GeneralGeneral

• Acute respiratory distress syndrome is usually treated with Acute respiratory distress syndrome is usually treated with mechanicamechanica
l ventilationl ventilation in the  in the Intensive Care UnitIntensive Care Unit. Ventilation is usually delivered . Ventilation is usually delivered 
through oro-tracheal through oro-tracheal intubationintubation, or , or tracheostomytracheostomy whenever prolonged  whenever prolonged 
ventilation (≥2 weeks) is deemed inevitable.ventilation (≥2 weeks) is deemed inevitable.

• Appropriate Appropriate antibioticantibiotic therapy must be administered as soon as  therapy must be administered as soon as micromicro
biological culturebiological culture results are available.  results are available. EmpiricalEmpirical therapy  therapy maymay be  be 
appropriate if local microbiological surveillance is efficient. More than appropriate if local microbiological surveillance is efficient. More than 
60% ARDS patients experience a (60% ARDS patients experience a (nosocomialnosocomial) pulmonary infection ) pulmonary infection 
either before or after the onset of lung injury.either before or after the onset of lung injury.

• The origin of The origin of infectioninfection, when surgically treatable, must be operated , when surgically treatable, must be operated 
on. When on. When sepsissepsis is diagnosed, appropriate local  is diagnosed, appropriate local protocolsprotocols should be  should be 
enacted.enacted.

http://en.wikipedia.org/wiki/Mechanical_ventilation
http://en.wikipedia.org/wiki/Mechanical_ventilation
http://en.wikipedia.org/wiki/Intensive_care
http://en.wikipedia.org/wiki/Intubation
http://en.wikipedia.org/wiki/Tracheotomy
http://en.wikipedia.org/wiki/Antibiotic
http://en.wikipedia.org/wiki/Microbiological_culture
http://en.wikipedia.org/wiki/Microbiological_culture
http://en.wikipedia.org/wiki/Empirical
http://en.wikipedia.org/wiki/Nosocomial
http://en.wikipedia.org/wiki/Infection
http://en.wikipedia.org/wiki/Sepsis
http://en.wikipedia.org/wiki/Guideline_%28medical%29


    

       Mechanical Ventilation       Mechanical Ventilation
• Conventional therapy aimed at Conventional therapy aimed at tidal volumestidal volumes ( (VVt) of 12-15 t) of 12-15 

ml/kg. Recent studies have shown that high tidal volumes ml/kg. Recent studies have shown that high tidal volumes 
can overstretch alveoli resulting in can overstretch alveoli resulting in volutraumavolutrauma (secondary  (secondary 
lung injury).lung injury).

•  The  The National Institutes of HealthNational Institutes of Health (NIH) multicentre study  (NIH) multicentre study 
showed improved showed improved mortalitymortality when ventilated with a tidal  when ventilated with a tidal 
volume of 6 ml/kg compared to the traditional 12 ml/kg. volume of 6 ml/kg compared to the traditional 12 ml/kg. 
Low tidal volumes (Low tidal volumes (VVt) may cause t) may cause hypercapniahypercapnia  and and atelecatelec
tasistasis..

• Ventilation with low Ventilation with low VVt may improve survival in ARDS, t may improve survival in ARDS, 
although the real goal seems to be a although the real goal seems to be a plateau pressureplateau pressure =  = 
32 mmHg (4.3 kPa). 32 mmHg (4.3 kPa). 

• To date, further reductions in pressures have not yielded To date, further reductions in pressures have not yielded 
significant benefits, probably because of the associated, significant benefits, probably because of the associated, 
more severe more severe respiratory acidosisrespiratory acidosis, caused by , caused by permissive permissive hh
ypercapniaypercapnia. . 

http://en.wikipedia.org/wiki/Tidal_volume
http://en.wikipedia.org/w/index.php?title=Volutrauma&action=edit
http://en.wikipedia.org/wiki/National_Institutes_of_Health
http://en.wikipedia.org/wiki/Mortality
http://en.wikipedia.org/wiki/Hypercapnia
http://en.wikipedia.org/wiki/Atelectasis
http://en.wikipedia.org/wiki/Atelectasis
http://en.wikipedia.org/w/index.php?title=Plateau_pressure&action=edit
http://en.wikipedia.org/wiki/Respiratory_acidosis
http://en.wikipedia.org/wiki/Permissive_hypercapnia
http://en.wikipedia.org/wiki/Permissive_hypercapnia
http://en.wikipedia.org/wiki/Permissive_hypercapnia


    



    

SteroidsSteroids

• A number of published trials showed A number of published trials showed no no 
benefitbenefit from  from high dosehigh dose corticosteroids. corticosteroids.

• Meduri et al however did find significant Meduri et al however did find significant 
improvement using modest doses. This is improvement using modest doses. This is 
probably because of a suppression of probably because of a suppression of 
ongoing inflammation during the ongoing inflammation during the 
fibroproliferative phase of ARDS. fibroproliferative phase of ARDS. 



    

SurfactantSurfactant

• To date no prospective To date no prospective controlled clincontrolled clin
ical trialical trial has shown a significant  has shown a significant 
mortality benefit of exogenous mortality benefit of exogenous 
surfactant in ARDS surfactant in ARDS 

http://en.wikipedia.org/wiki/Randomized_controlled_trial
http://en.wikipedia.org/wiki/Randomized_controlled_trial


    

Nitric oxideNitric oxide

• Inhaled Inhaled nitric oxidenitric oxide (NO) potentially acts as  (NO) potentially acts as 
selective pulmonary vasodilator. Rapid selective pulmonary vasodilator. Rapid 
binding to binding to hemoglobinhemoglobin prevents systemic  prevents systemic 
effects. It should increase perfusion of effects. It should increase perfusion of 
better ventilated areas. better ventilated areas. 

• There are There are no large studiesno large studies demonstrating  demonstrating 
positive results. Therefore its use must be positive results. Therefore its use must be 
considered individually.considered individually.

http://en.wikipedia.org/wiki/Nitric_oxide
http://en.wikipedia.org/wiki/Hemoglobin


    



    



    

Prone positionProne position

• Distribution of lung infiltrates in acute Distribution of lung infiltrates in acute 
respiratory distress syndrome is non-respiratory distress syndrome is non-
uniform. Repositioning into the prone uniform. Repositioning into the prone 
position (face down) might improve position (face down) might improve 
oxygenation by relieving oxygenation by relieving atelectasisatelectasis and  and 
improving perfusion. improving perfusion. 

• However, although the hypoxemia is However, although the hypoxemia is 
overcome there seems to be overcome there seems to be no effect on no effect on 
overall survivaloverall survival..

http://en.wikipedia.org/wiki/Atelectasis


    

Fluid managementFluid management

• Several studies have shown that Several studies have shown that 
pulmonary function and outcome are pulmonary function and outcome are 
better in patients that better in patients that lost weightlost weight  
or wedge pressure was lowered by or wedge pressure was lowered by didi
uresisuresis or fluid restriction.  or fluid restriction. 

http://en.wikipedia.org/wiki/Diuresis
http://en.wikipedia.org/wiki/Diuresis


    

ComplicationsComplications
• Pulmonary: Pulmonary: barotraumabarotrauma (volutrauma),  (volutrauma), pulmonarpulmonar

y embolismy embolism (PE), pulmonary fibrosis,  (PE), pulmonary fibrosis, ventilator-ventilator-
associated pneumoniaassociated pneumonia (VAP).  (VAP). 

• Gastrointestinal: hemorrhage (ulcer), Gastrointestinal: hemorrhage (ulcer), 
dysmotility, pneumoperitoneum, bacterial dysmotility, pneumoperitoneum, bacterial 
translocation. translocation. 

• Cardiac: arrhytmias, myocardial dysfunction. Cardiac: arrhytmias, myocardial dysfunction. 
• Renal: Renal: acute renal failureacute renal failure (ARF), positive fluid  (ARF), positive fluid 

balance. balance. 
• Mechanical: vascular injury, pneumothorax (by Mechanical: vascular injury, pneumothorax (by 

placing pulmonary artery catheter), tracheal placing pulmonary artery catheter), tracheal 
injury/stenosis (result of intubation and/or injury/stenosis (result of intubation and/or 
irritation by endotracheal tube. irritation by endotracheal tube. 

• Nutritional: malnutrition (katabolic state), Nutritional: malnutrition (katabolic state), 
electrolyte deficiency. electrolyte deficiency. 

http://en.wikipedia.org/wiki/Barotrauma
http://en.wikipedia.org/wiki/Pulmonary_embolism
http://en.wikipedia.org/wiki/Pulmonary_embolism
http://en.wikipedia.org/wiki/Ventilator-associated_pneumonia
http://en.wikipedia.org/wiki/Ventilator-associated_pneumonia
http://en.wikipedia.org/wiki/Acute_renal_failure


    

Epidemiology/PrognosisEpidemiology/Prognosis

• The annual incidence of ARDS is between The annual incidence of ARDS is between 
1.5 to 13.5 people per 100,000 in the 1.5 to 13.5 people per 100,000 in the 
general population. Its incidence in the general population. Its incidence in the intint
ensive care unitensive care unit (ICU),  (ICU), mechanically ventilmechanically ventil
atedated  population is much higher. population is much higher. 

• Mortality varies from 30% to 60%. Usually, Mortality varies from 30% to 60%. Usually, 
randomized controlled trialsrandomized controlled trials in the  in the 
literature show lower death rates, both in literature show lower death rates, both in 
control and treatment patients. This is control and treatment patients. This is 
thought to be due to stricter enrollment thought to be due to stricter enrollment 
criteria. Observational studies generally criteria. Observational studies generally 
report 50%-60% mortality. report 50%-60% mortality. 

http://en.wikipedia.org/wiki/Intensive_care_unit
http://en.wikipedia.org/wiki/Intensive_care_unit
http://en.wikipedia.org/wiki/Mechanical_ventilation
http://en.wikipedia.org/wiki/Mechanical_ventilation
http://en.wikipedia.org/wiki/Randomized_controlled_trials


    

HysteresisHysteresis
• HysteresisHysteresis (from  (from Ancient GreekAncient Greek υστέρησις) is a  υστέρησις) is a 

property of systems (usually physical systems) that property of systems (usually physical systems) that 
do not instantly follow the forces applied to them, do not instantly follow the forces applied to them, 
but react slowly, or do not return completely to but react slowly, or do not return completely to 
their original state.their original state.

• For instance, if you push on a piece of putty it will For instance, if you push on a piece of putty it will 
assume a new shape, and when you remove your assume a new shape, and when you remove your 
hand it will not return to its original shape, or at hand it will not return to its original shape, or at 
least not immediately and not entirely. least not immediately and not entirely. 

• Hysteresis phenomena occur in magnetic and Hysteresis phenomena occur in magnetic and 
ferromagnetic materials, as well as in the elastic ferromagnetic materials, as well as in the elastic 
and electromagnetic behavior of materials, in and electromagnetic behavior of materials, in 
which a lag occurs between the application and the which a lag occurs between the application and the 
removal of a force or field and its subsequent removal of a force or field and its subsequent 
effect.effect.

http://en.wikipedia.org/wiki/Ancient_Greek_language


    

The term "hysteresis" is sometimes used in other fields, such The term "hysteresis" is sometimes used in other fields, such 
as economics or biology. In such cases it describes a memory as economics or biology. In such cases it describes a memory 
or lagging effect in which the order of previous events can or lagging effect in which the order of previous events can 

influence the order of subsequent events.influence the order of subsequent events.  



    

Thank you.Thank you.
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